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ORGANIC CHEMISTRY. 
CHAPTER I. 

INTKODUCTOEY. 

The name organic is commonly restricted, by chemists, to 
compounds the molecules of which consist of one or more 
atoms of carbon directly combined either with carbon, nitro- 
gen, or hydrogen. Thus, according to this definition, car- 
bonic anhydride (0=C=0) and hydric potassic carbonate 
(H — O — C — — K) are mineral or inorganic compounds, 





because the carbon which they contain is directly combined 

/0=C— 0— H\ 

with oxygen only; but oxalic acid ( I ), cyanic 

\0=C— 0— H/ 

acid (N=C— 0— H), and formic acid (0=C— 0— H) are 

H 
organic compounds, because their molecules contain carbon 
directly combined, in the first case with carbon, in the second 
with nitrogen, and in the third with hydrogen. 

The number of elements usually entering into the composi- 
tion of organic compounds is very small. 

A large number of these compounds consist of carbon united 
with only one other element, either hydrogen or,rarely, nitrogen. 

The members of another very large class contain only three 
elements : — carbon, hydrogen, and oxygen ; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and oxygen. 

TOL. II. 1./D 
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^ . COMPOUND ORGANIC RADICALS. 

Others contain fowt elements — carbon, hydrogen, oxygen, 
and nitrogen. 

Some contain sulphur, chlorine, bromine, iodine, silicon, 
phosphorus, boron, or metals ; but these are comparatively rare. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that usually 
taking part in the formation of minerals, yet the complexity 
of the former class of compounds is frequently much greater. 

There is no instance of an organic molecule containing but 
two single atoms, and only one containing three (hydrocyanic 
acid, HON). 

On the other hand, the number of atoms in a sinde organic 
molec,^ is sometimes very great. Thus :- 

The molecule of Spermaceti contains 98 atoms. 

Stearin „ 173 „ 

Margarin „ 217 „ 
Albumen „ 226 „ 

Protagon „ 384 „ 

In nearly all organic compounds carbon is a tetrad. It 
forms, therefore, with 1 atom of hydrogen a triad compound 
radical, which exists in chloroform (C'^H)"'Cl3 ; a dyad com- 
pound radical with 2 atoms of hydrogen, as in methylenic 
dichloride {C^^'El^"C\\ and a monad compound radical with 
3 atoms of hydrogen, as in methylic iodide (C^'Hg)!. But in 
these compounds it will be seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law : — " In 
every molecule of a chemical compound the sum of the bonds 
is always an even number,'* because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known : — '' The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound." 

A contpound organic radical is a growp ofaioms containing one 
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NOTATION OF ORGANIC COMPOUNDS. 8 

or more atoms ofcarhon of which one or more bonds are unsatiS" 
fied; andii is either a monad, dyad,Sfc, radical, according to the 
nwnber of monad atoms required to complete its active atomicity i 

Such a radical, when a monad, triad, or pentad, cannot exist 
as a separate group ; like hydrogen or nitrogen, when isolated, 
it combines with another group of atoms like itself, forming 
a duplex molecule. It is onlj by this union of two semi- 
molecules that the vacated bonds can be satisfied. 

The following are two of the principal series of compound 
organic radicals : — 

Monads. Dyads. 

Methyl... I g^3 or jJJ® Methylene... CH, or Me"* 

Ethyl ...{§^h'^'' {It Ethylene ... C,H, or Et". 
Propyl ... I ^^ or j p^ Propylene . . . C3H, or Pr". 
Butyl ...{c^J'or {^JJ Butylene ... C,H, or Bu". 

Amyl ... I ^^^n or | ^ Amylene . . . C,H,, or Ay". 

Organic radicals are the analogues of the monad, dyad, 
and triad elements of mineral chemistry. 

Such being the constitution of the organic radicals, we will 
now proceed to investigate their functions in organic com- 
pounds, and to examine the general plan upon which these 
compounds are, on the atomic hypothesis, built up. 

"We shall be assisted in our investigation if we reduce the 

formulsB of these compounds to a few types or fundamental 

forms. In doing this it is necessary to avoid, as far as possible, 

all empirical grouping of atoms. Our formulae ought to express, 

as exactly as possible, how the elements are combined with each 

other. Thus in a compound containing Ca.HyO^, the formula 

ought to show, first, whether the hydrogen is combined with 

carbon or with oxygen; or if combined with both, it should 

indicate how many atoms are united with carbon, and how 

* Only known in combination. 
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4 TYPES OF ORGANIC COMPOUNDS. 

many with oxygen. Secondly, the formula ought to show 
whether the oxygen is united with carbon or with hydrogen, or 
partly with the one and partly with the other, or, lastly, whether 
it is performing the function of linking hydrogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies and organo-boron and silicon compounds, can be 
conveniently considered under the two following types, viz. : — 

H 

1. The monadelphic, or marsh-gas 1 tt U tt 

type J I 

H 

H H 



2. The diadelphic, or methyl type ... H — C — C — H 

H H 
Nitrogenous organic compounds arrange themselves in the 
most convenient manner under the two following types : — 

H 

8. The ammonia type -L 

Id E[ 

CI 



4. The ammonic-chloride type H— N — H 

In addition to these types a few others will be occasionally 
necessary, such as :— 

H H H 

6. The triadelphic typo H— 0— C—C— H 

I I I 
H H H 



FORMULiE OF OBOANIC COMFOyNDS 5 

H H 

6. The double monadelphic type ... H— C — 0— C — II 

H H 

H H 

7. The condensed diadelplic orl C-=(j 

olefinetype J i" i 

H H 
Double, and sometimes even treble ammonia and ammonlc- 

cbloride types are required for certain compounds, but they 

do not need special description here. 

The above types are written symbolically as follows :— 

1. Monadelphic type CH^. 

{CH 

3. Ammonia type N"'Hg. 

4. Ammonic-chloride type mi^Cl. 

fCH. 

5. Triadelphic type 



C. Double monadelphic type 



rcH, 
. 

CH, 



f CIT 
7. Condensed diaddphic type " < q^\ 

In order to facilitate the use of these symbolic types, it is 
advisable to become familiarized with the symbols of the fol- 
lowing analogues of hydroxyl, in addition to those already 
given for inorganic compound radicals at p. 28 of vol. i., and 
for the monad and dyad radicals at p. 3 of the present 

volume : — 

Methoxyl CHjO or Meo. 

Ethoxyl C2H5O or Eto. 

Propoxyl CgH^O or Pro. 

Butoxyl C^HgO or Buo. 

Amoxyl C^H^^Oor Ayo. 
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DEVELOPMENT OP POEMUL-fi. 



FormulsB written on the triadelphic type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type, as follows : — 



Propylic 
hydnde. 



CH; = JeS-^^^ = CMe,H, or CEtH,. 



CH 



9 
Triadelphic. 



Piadelphio. 



Monadelphic 



The above alternative monadelphic formulsa, although appa- 
rently different, are in reality identical, as can be easily 
proved by expressing both graphically, thus : — 



H 

t 



CMe.H, = H— C- 



H 

-A- 



H i H 
H H 



H 
C— H 



CEtH, 



= H— C—C- 



H H 



H 

H 

I 



H 



On the other hand, mDnadelphic formulaB, if they contain a 
safficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphic, &c. formulas in the following manner : — 



r 



rCEtH, 



CBuPrH,= { gg^= < 

Normal butyl, or 
propylated methyl. 



pyi« 
<M 



CH, 
CH, 
CEtH, 



= < 



CMeH, 

CH, 

CH„ 



olecule.) 



V 



CH, 
CH, 
CMeR 



CH, 

CH, 
-JCH, 



= < 



CH,- 
CH, 
CH, 
CH, 



This development of normal butyl depends on the following 
facts : — 1st, that normal butyl is propylated methyl ; 2nd, that 
normal propyl is ethylated methyl ; and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiary organic radicals (see p. 10) cannot 
be completely developed vertically : — 
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{ 



CEtMeH __ 
CEtMeH •" ^ 

Methvlo-ethvlated 
methja. (Moleonle.) 



fCMe, 
tOMe, 



Trimethylated 
metbyl. (Molecule.) 



fCMeH, 
CMeH 
OMeH ' 
CMeH. 



< 



JCMe, 
OMe, 
OH, 



CH, 

OH 

CMeH 

CMeH 

CH, 



= < 



''CH. 

CH, 

CH(CH,) 

CH(CH,) ' 

CH, 
vCH, 



fCH, 
C(CH,)(CH,) 
C(CH3)(CH3)- 
CH, 



It will be seen, on comparing the above formulse with the 
graphic representation of the respective compounds, that both 
express the same ideas of constitution. Thus in the developed 
symbolic formula of normal butyl it is evident that the two ex- 
treme carbon atoms are each united with three atoms of hydrogen 
and one of carbon, and all the intermediate carbon atoms with 
two of hydrogen and two of carbon, exactly as shown in the 
following graphic representation :— 



H. H. xi XI 

I I I I 
H— C— C— C— C— 



H H H H 



H H H H 

I I I I 
C— C— C— C— H 



H H H H 



]!7ormal butyl or propylated methyl. (Molecule.) 



From the developed symbolic formula of methylo-ethylated 
ijaethyl, it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom of 
carbon, and three of hydrogen, thus : — 



8 
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H 

H H 

I I 



H 



H 



i H H H 



H— C— C— (3— [ 

I I I 
H H H 



I I 



I 



C_C_C— H 



H— C— H 

I 
H 

Methylo-ethyltted methy L (Uoleonla.) 

Lastly, ia the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united with 
four carbon atoms, and all the remaining atoms of carbon are 
\mited with three of hydrogen and one of carbon, thus : — 



H 

I 
H— C-H 



H 
H— C— H 



H 



H— C- 

I 
H 



C- 



C- 



H 

I 
■C— H 

I 
H 



H— C— H H— C— H 

I I 

H H 

Trlmethjlated methyl. (2Iolecale.) 



CLASSIFICATION OF OEOANIC COIIFOUNDS. 

The most important organic compounds can be conveniently 
divided into the following thirteen families : — 

1. Organic radicals. 

2. Hydrides of organic radicok. 



POSITIVE RADICALS. 9 

3. Alcohols. 

4. Ethers. 

5. Haloid ethers. 
G. Aldehydes. 

7. Acids. 

8. Anhydrides. 

9. Ketones. 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen. 

12. Organo-boron and silicon compounds. 

13. Organo-metallic bodies. 



CHAPTER II. 



OBaAKIC BADIOALS. 

This family of organic compounds is divided into two 
classes : — 

Class I. Positive radicals. 

Class II. Negative radicals. 

Class I. 
FOSITIVE BADICALS. 

Monads. 
Methyl or (CnHa^i)^ Series. 
Vinyl or (C„H2„„i)a Series. 
Phenyl or (CJi2n~-i)2 Series. 

Dyads. 
Ethylene or Cn^an Series. 
Acetylene or C„Hs„_2 Series. 
Phenyleno or C^Ha^^a Series. 

Triads. 
Glyceryl or (C„H2)..i)% Series. 
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Class I. 

FOSITim BADICALS. 
mONADS. 
METRTL or (C„Ha^Oa SERIES. 

These radicals are divided into three sections, yiz. Normal^ 
Secondary, and Tertiary : — 

General foAnuUs. 

1. Normal Badicab i S^n^S'^N^?'- 

2. Secondary Eadicals -.• {c(c"h'^0 H* 

3. Tertiary Eadicals | §f c^Hr^')'' 

In the first of the above formulae « may =0, but in the 
others it most be a positive integer. 

Examples of the tertiary series of radicals may be seen in the 
tertiary fatty acids. They have not yet been isolated. 

It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiary radicals, may exist ; but up to the present time only 
one or two examples of such radicals are known. 

By the action of zincic ethide on the chloride obtained from 
acetone by means of phosphoric chloride, a hydrocarbon is ob- 
tained, which may be regarded as a mixed normal and tertiary 
monad positiveT radical: ethyl etho-dimethon;ethyl or ethyl 
isoamyl: — 

['^^^. + ^'. - ^'^'. + [ll'^- 

Chloride from Zincio Zincio Ethyl ethodime- 

aoetone. «(hide. ahlcwide. thomethjL 

1. Normal Eadicals, 

This series contains the radicals of the methylic series of 
alcohols. 
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These radicals also enter into the composition of the normal 
series of fatty acids. 

The following list contains all the radicals of this section 
that hare been hitherto obtained : — 

Boiling- 
point£ 

Methyl 1 1^ , or j qjj» not known. 



Ethyl I 



Et ^^ f CMeH, ^^ 
Et' ^^ICMeH;^' 



fCH, 
Q2' about -23°. 

ch! 



^CH 



CH, 
CH, 
CH, 
CH. 



+68°, 



T, , fPr fCEtH, J 

^~Pyl" IPr' ""^ICEtH,' """K 

Ich; 

B-^yi ill' -{c?S: 11^. 

^-y^ Hi' -{c?u^ !««-• 

^''p-yi ici' -{oij5: 202O. 

Freparation. — 1. By the action of zinc on the iodides of the 
normal radicals : — 

. 2C(C^^0H.I + Za = Znl, + {ggg]:;;]^^. 

Fart of the liberated radical is at the same time decomposed 
into the hydride of the radical and the corresponding dyad 
radical : — 

A remarkable special method for preparing ethyl consists in 
exposing mercury and ethylic iodide to the influence of sun- 



light :— 



2EtI -f Hg = Hgl, + Et,. 

Btk^lio Keroario Ethyl^ 

iodide. iodide. 
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2. By the electrolysis of the salts of the normal fatty acids. 
In this process, nascent oxygen acts upon the fatty acid, con- 
verting its oxatyl into carbonic anhydride, the positive radical 
being set free : — 

Fittyacid. Badical. 

+ 2C0, + OH,. 

CarboQio Water, 

anhydride. 

3. By acting with zinc upon the iodides of two radicals simul- 
taneously, the so-called double or mixed radicals are produced : — 



Mel + EtI + Zn = ZnL + 



fMe 

lEf 

Slctiiylio Bth^lio Zinoio jtfethyl 

iodide. iodide. iodide. etbyL 



ETH7L. 

H H 

fCMeH, „ 
t CMeH, ^~ I 

H H 



H H 



C— C— H 



Molecular weight =58. Molecular volume m . 1 litre qf 
ethyl gaa weighs 29 critha. Both at about —23^ C. 

Preparation, — By digesting together in a close Tcssel at 120° 
et hylic iodide and zinc, the reaction being similar to that 
between hydriodic acid and zinc : — 

Zn + 2HI = Znl, + {g. 

Hydriodio Zindo Hydrogen, 

acid. iodide. 

Zn + 2EtI = Znl, + |g. 

EUiylic Zindo Ethyl, 

iodide. iodide. 
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2. Seeondartf Radiealt. 
Two secondary monad positive radicals are known : — 

Isopropyl {oMe'S y>o\\sio.t 68" 

Amyl-isopropyl ... I Qg ®-^ » „ 110° 



VIHrrL 8EBIHS. 

General fomnla... {c(c"HrOH'- 

Tlie first member of this series, vinyl, has not yet been 
isolated. 

ALLTL. 

{ C\IL, «' 1 0(CMe"H)H; 
H J H 



H 

I 1 j_ ■ I 



H 



H H H H H H 

Molecular weigTit =82. Molecular volume rn . 1 litre of 
allyl vapowr weighs 41 criths. Sjp,gr, 0*684. Boils at 59°. 

Preparation. — By digesting allylic iodide with sodium, and 
then distilling : — 

Na, + 20(CMe"H)H.I - (c^OMe'S)?: + ^^al. 

Allylio iodide* Allyl. Sodio iodide. 

Character. — ^Bromine and iodine unite directly with allyl, 
producing allylic tetrabromide and tetriodide. In these com- 
pounds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrabromide, four latent carbon bonds in the mole- 
cule of allyl have become active, and have united with four atoms 
of bromine : — 

rC(CMe"H)H, . ^^ f C[C(CH,Br)BrH]H, 

\C(CMe"H)H, + ^^^ "=" \ 0[C(CH,Br)BrH]H; 

rAlljI. Allyliotelmbroinide. 



u 



OEOANIC RADICALS. 



An analogous case is met with in ferric chloride, where two 

tetrad atoms, lihited by one bond of each, become together 

hexadic : — 

f PeCl, 
t PeCV 

Allylic monobromide can only be obtained bj the action of 
phosphorous tribromide on allylic alcohol : — 

3C(CMe"H)H;Ho + PBr, = 30(CMe"H)H,Br 



Allylic alcohol. 



Fhogphoroas 
tribromide. 

+ POHHo,. 

FhosphorooB acid. 



Allylic monobromide. 



FHENTL SEBIES. 
G-eneral formula 



C„H2«_7 • 



These radicals are but imperfectly known. The following 
have been isolated : — 



Phenyl 



Tolyl. 



( 
{ 



Benzyl 



0,H, 
C.H.- 

C.H.Me 
O.H,Me- 



f CH,(C.H.) 
tOH,(0.H.)- 



Amyl benzol or amyl phenyl... CyH,(C5HiJ 




u 



Amyl toluol or amyl benzyl. . . O.H/CH,) (C.Hu) « ^ 



If 



CAy-i 

cn 

CH 
OH 
OH 

OMeJ 
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// 



Amyl xylol O.H,(CH.),(C.H„)= 



// 



n- 



CH 

CH 

CH 

CMe 

CMeJ 



{ 



H 



C: 



/ 

H— C 



C- 

i 



FHEN7L. 

O.H.- 

H . H H 

I I 
C=C 

/ \ 

—0 c- 

W // 

C— 



\ 

C — 

// 

•c 



H 



H 



H 



i 



Molecular weight =164. Molecular volume I I L 1 litre of 
phenyl vapour weighs 77 crithe. Fuses at 70*^. Boils at 
240°. 

Preparation. — ^By the action of sodium on phenylic bro- 
mide : — 

2C,H«Br + Na, = {g«g» + 2NaBr. 



Phenylic bromide. 



FhenyL 



Sodio bromide. 



Seaction, — By treatment with bromine, phenyl produces 
bromphenyl and hydrobromic acid : — 

ICeH, + ^^^ - lC,H,Br + ^^^^- 



Phenyl. 



BromphenyL 



Hydrobromic 
acid. 
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CHAPTER III. 
POSITIVE RADICALS. 
D7ADS. 
ETHTLJSNE or C, H^, SERIES, 

Preparation, — These compounds are produced as follows : — 

1. In many cases of destructive distillation, where, however, 
the reaction cannot be traced. 

2. By the abstraction of the elements of water from the 
normal monohydric alcohols of the methylic series, as for in- 
stance : — 

jCH, 

Ethylio aloohoL Ethylene. Water. 

3. By passing the vapours of the haloid compounds of the 
normal monad radicals of the C„H2a^.i series over heated lime, 
thus : — 



CH,Ho - tCH, + ^^»- 



Ethjrlio Ethylene. Hydrochlorio 

chloride. acid. 

4. By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split into 
dyad radicals and the hydrides of monad radicals : — 

f d(CH,)H, _ „ f OH, f CH, 

tC(CH,)H, - tCH, + tCH,- 

Ethyl. Ethylene. Ethylio 

hydride. 

5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

tcH,I + \CH,Na ■" •"'^ ^ ICH, + JCH; 

Ethylio Sodio Bodio Ethylene. '&t)\y\\ci 

iodide. ethide. iodide. hydride. 
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6. Methylic iodide and allylic iodide dissolved in ether and 

digested with sodium in sealed vessels produce methyl-allyl, an 

isomer of butylene : — 

CK 



1^^ "^CTT 

OH 
CH 



CHJ + "]CH" + Na, = 2NaI + "^^ 



}CH + Na, = 2NaI + f«„ 

MethrUo All^lio Methjl-aUyL 

iudiae. iodide. 

7. By the action of zincic ethide on allylic iodide, ethyl-allyl, 
isomeric with amylene, is obtained : — 

cCH, ,CH, iCH 

ZnEt, + 2 "}CH = Znl, + 2 "JCH or J CH,- 

^CH,I ^CH,Efc 1 CH, 

ICH, 

Zinoio Allylio Zinoio Ethjl-allyL 

ethide. iodide. iodide. 

8. By treatment of vinylic bromide (brominated ethylene) 
with zincic ethide, ethyl-vinyl, isomeric with butylene, is pro- 
duced : — 

r"OH 

ZnEt, + 2(2ij^3^=ZnBr, -h 2 { ^^^^^ or gg^ 

CIH3 

Zinoio Yinylio Zinoio Ethyl-Tinjl. 

ethide. bromide. bromide. 

Methyl-allyl differs from ethyl-vinyl. 

Character, — The lower members of this series of dyad radicals 
are gaseous, the higher solid, and the intermediate ones liquid. 

The following list includes the known dyad radicals of this 
series, together with their fusing- and boiling-points : — 

Fusing- Boiling- 
point, point. 



Ethylene C^H^ .... 

Propylene CIgHe 17*8 

Pseudobutylene ^^^a 7*0 

Isobutylene ^A 50 

Butylene C^H^ -|- 30 

Amylene CJ^Hio 350 

Hexylene CgH^a — 39*0 

VOL. II. 
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Tafliiu^ Bojling- 
point. point. 

Heptylene or (Enanthylene . . . C^H^ i 65-0° 

Octylene or Caprjlene ^s^ie ^^'^ 

Nonylene C^R^^ 125 

Paramylene CioHjo 

Cetene ^16^32 

Cerotene C27H54 57° 276 

Melene C,,U^ 62 375. 

Reactions. — 1. The dyad radicals of this series all unite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 



{ 



CH^Cl 


f CH.Br 
1 CH,Br 


fCHJ 

I cn,r 


OH,Cl 


Etbylenio 
diohloride. 


Etbylenio 
dibromide. 


Etbylenio 
diiodide. 



These compounds, when treated with alcoholic solution of 
potassic hydrate, lose one molecule of a hydracid, thus : — 

{?i:cl + ^«« = ^ci + {253^1 + OH, 

Etbylenio Potaeno Fotassio Vinykc chloride. Water, 

diohloride. hydfate. chloride. or chlorinated 

ethylidene. 

The monochlorinated radical thus obtained again unites with 

two atoms of chlorine, producing chlorinated ethylidenic di- 

chloridCj 

r CHCICI 

1CH,C1 ' 

which, by further treatment with alcoholic potash, yields dichlo- 
rinated ethylidene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylidene. The following formulae show the first, 
intermediate, and final compounds : — 

„rCH, fCH,Cl f"CH rCHClCl jCHClCl 
\ CH, t CH,C1 t CH,C1 1 CH,G1 t "CH 

fCHClCl f"CCl fCClCl, . fCCl, 
I CJttClCI 1 CHOI, 1 CHCICI 1 "ccr 
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TetracUorinated etbjlidene absorbs two additional atoms of 
cblorine, producing the solid dicarbonic bexachloride : — 

f OCl,. 

I cci, 

Dioarbonio hezaohloride. 

2. The dyad radicals of the ethylene series can be transformed 
into the monad radicals from which they are derived If ethylene 
be digested with hydriodic acid for 60 hours at 100*^ C., it is 
transformed into ethylic iodide : — 



•■{ 



CH, + ^^ - tea,!- 

Ethylene. Hjdriodio Eth^lio 

aoid. iodide. 



From this, ethyl may be prepared, as shown at p. 12. 
Isomerism of ethylene and etJiylidene compounds, — The chlorides 
of the dyad radicals are isomeric : — 

1. With the chlorides of the monochlorinated normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinated 
normal monad radicals : — 

J CH,ci r CH3 r CH3 

1 CH,C1 \ CHCl, t CHCl; 

Etbylenio Etbylidenio dicblo- Monoohlorinated 

dicbioride. ride (obtained from etbjlio diloride. 

aldehyde.) 

These substances, when treated with alcoholic potash, all 
yield the same vinylic chloride : — 

{Si:cl + 5^0 = {2g,^ + OH. + m. 

Ethv-lenio Potassio Yinylio Water. Potassio 

dicbioride. hydrate. chloride. chloride. 

{cSbl, + KHo = ['^^^^^ + OH, + KCl. 

Monochlorinated Potassio Yinjrlio Water. Potassio 

ethylic chloride, or hydrate. chloride. chloride. 

Ethyiidenio didilo- 
ride. 

But certain compounds of ethylene yield paralactic acid, 
whilst the corresponding compounds of ethylidene give lactic 

c2 
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acid. The boiling-points of their chlorides also differ, ethy- 
lenic dichloride boiling at 85°, whilst ethylidenic dichloride 
boils at 64° ; on the other hand, ethylenic oxide boils at 13°'5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 
The oxides of the dyad radicals are isomeric : — 

1. With the corresponding aldehydes. 

2. With the alcohols of the vinylic or CJS.2n-iS.o series. 
The nature of this isomerism is seen from the following for- 
mulae : — 

(CH,Q fCH, f"CH 

Eth^lenio Acetio Vinylio 

oxide. aldehyde. aloonoL 



ETHYLENE. 
H H 



"{ 



ch; 



H— C — C— H 

I 



L_'' 



Molecular weight =28. Molecular volume fTI ' 1 Hi^^ weighs 
14 criths. 

Freparation. — See general methods (p. 16). 
Meactions, — 1. Decomposed into carbon and marsh- gas by 
passing through a red-hot tube : — 

"{ci: = °^^ + ^- 

Ethylene. llkfarsh- 

gas. 



2. Burns in chlorine with deposition of carbon : — 
§^» + 2C1, = C, + 4HC1. 



1 



Ethylene. Hydrochlorio 

add. 

3. Ethylene when agitated with solution of potassic perman- 
ganate is oxidized, oxalic acid, formic acid, and carbonic anhy- 
dride being formed : — 



ACETYLENE. 21 

0^^;+ 0. = {ggg« + OH, 

Ethylene. Oxalic Water. 

acid. 

CA + 0. = {g^g^ + CO. + OH, 

Ethylene. Formic add. Carbonic Water. 

anhydride. 

Ethylidene, the isomer of ethylene, has not yet been isolated, 
unless the hydrocarbon CjH^ derived from the transformation of 
ethyl is this body. The constitutional formula of ethylidene is 

H 



{ 



3 

H- 



"CH • I • 



U 



\ 



ACETYLENE or C^Hg^.a SERIES. 

Acetylene is the radical belonging to this series which is 
best known. The series comprises the following members : — 

Acetylene C^H^. 

AUylene C^K^. 

Crotony lene ^ A* 

Yalerylene CgHg. 

These radicals stand in the same relation to the alcohols of 
the vinylic series as ethylene bears to ethylic alcohol. They 
are also probably capable of assuming tetrad functions. 



ACETYLENE. 



C ,11, or I „Qg-. ^ ^^ ^ ^r t^ fj 

Molecular weight =26. Molecular volume I 1 I . 1 litre weighs 
13 criths. 
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Preparation. — 1. By synthesis from its elements. When an 
electric arc from a moderately powerful voltaic battery passes 
between carbon poles in an atmosphere of hydrogen, acetylene 
is produced. 

2. By the action of water on potassic carbide : — 



C,K. .+ 


20H, 


= C,H, + 


2KMo. 


Potaasio 
carbide. 


Water. 


Acetylene. 


Fotassio 
hydrate. 



3. By the action of heat upon olefiant gas or the vapour of 
alcohol, ether, or wood- spirit, or by passing electric sparks 
through marsh-gas : — 

2CH, ^ C,H, + 3H,. 

Marsh-gas. Acetylene. 

4. By heating the vapour of methylic chloride to low red- 
ness : — 

2CH3CI = CA + 2HC1 + H,. 

Meth^lio Acetylene. Hydrochloric 

chloride. acid. 

5. By passing the vapour of chloroform over ignited copper : — 

2CHCI3 + Cue = C,H, + 3'Cu',Cl,. 

Chloroform. Acetylene. Cuprous 

chloride. 

6. By the action of calcic carbide upon water : — 

C,Ca" + 20H, = C,H, + CaHo,. 

Calcic Water. Acetylene. Galdc 

carbide. hydrate. 

7. Prom vinylic bromide, one of the derivatives of ethylene, 
acetylene may be obtained by the action of alcoholic potash :— 

C,H,Br + KHo = C,H, + KBr + OH,. 

Vinylic Fotassio Acetylene. Potassic Water, 

bromide. hydrate. bromide. 

8. By the incomplete combustion of bodies containing car- 
bon and hydrogen: — 

4CH, + 3O3 == 2C,H, + 60H,: 

Marsh-gas. Acetylene. Water. 

2C^, + 0, = 2C,H, + 20H,. 

defiant gas. Acetylene. Water. 

The crude acetylene, obtained by any of these processes, is 
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best purified by passiag it through an ammoniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 

rc;cu',H Cu-Cu Cu-Cu 

taining-j O . I | I I 

[ C;Cu',H H— C— C— O^C-~C— H 



2'Cu',Cl, + 20,H, + OH, = 



f C,'Ca',H 
O + 4HCL 

C;Cu',H 

Cnproot Acety^lene. Caprosovinylio Hydrochlorio 

chloride. ether. (Aoetylide acid. 

of copper.) 

If ethylene has been present in the crude ' acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 

C 'Cu' H 

O' ' + 4HC1 = 20,H, + 2'Cu',Ca, + OH,. 

C;Cu',H 

CuproeoTinylio Hydrochloric Aceftyle&e. Cnproiui Water, 

ether. (Acetylide acid. chloride, 

of copper.) 

Reactions, — 1. "When cuprosovinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen, evolved by the action 
of the zinc upon the ammonia, unites with acetylene, producing 
ethylene : — 



I 



c;cu',H 



O + 2H^ =. 20,H. + 4Cu + OH,; 



C;Cu',H 



Cuprosovinylic Acetylene. Water, 

ether. 

Acetylene. Ethylene. 

2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid : — 

C,H, + SO,Ho, = SO,(C,H30)Ho. 

Acetylene. Sulimurio Vinyl-solphario 

acid. add. 
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3. Acetylene unites with bromine, forming acetylenic dibro- 
mide : — 

Acetylene. Aoetylenio 

dibromide. 

4. By agitating acetylene with solution of potassic perman- 
ganate, oxalic acid is fonned : — 

,.fCH .on - fCOHo 
\CH "^ ^^» - tCOHo- 

Acetylene. Oxalic add. 

Carbonic anhydride and ormic acid are simultaneously pro- 
duced : — 

"{oi + 20, = (goH„ +C0, 



BBOKACETTIiENE. 
O.HBr. 



2^ 



By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, which 
is bromacetylene. 

{§?Br?r = HBr + Br, + C,HBr. 

Dibromethylenic Hydrobromic Bromacetylene. 

dibromide. acid. 



FHENTLENE or QJl^n^f, SERIES. 

The dyad radicals of this series are very little known. 
The following have alone been isolated : — 

Phenylene, CgH^. 
Toluylene or Stilbeno, O-Hg. 
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POSITIVE RADICALS. 

TBIADS. 

These radicals are unknown in the separate state, unless they 
are identical with the dyad radicals of the acetylene series : — 

W3JI2 — I (CH)'"' 

Acetylene. Formyl. 

They are, however, well known in a numerous class of com- 
pounds belonging to families which will be studied hereafter. 



CHAPTER IV. 

OBGA^C RADICALS. 

Class II. 

NEGATIVE BADIGALS, 

Every positive radical may be looked upon as the source of a 
negative radical, which is generated by displacing a portion of 
the hydrogen of the former by oxygen. Thus : — 



Ethyl 




yields acetyl 




Allyl 


IC3H. 


„ acryl 


/ C3H.0 


Ethylene 


(C,M,)" 


„ glycolyl 


(C,H,0)". 


Propylene 


(C.HJ' 


„ lactyl 


(C.H,0)','. 


» 




„ malonyl 


(C,H,0,)". 



The constitution of the so-called compounds of these negative 
radicals may, however, be more simply explained from another 
point of view ; and, in fact it will rarely be necessary for us to 
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recognize the existence of more than two negative radicals, in 
order to understand the whole range of negative organic com- 
pounds. These are : — 



Cyanogen i ^^,„. N— C- 



'6—N 



Oxatyl, the molecule i^^-p- 0=C — I 
of which is dry {gggj ^ 



oxalic acid. 



— G=0 

I 
O 

H H 



These two radicals are the acidifying principles of nearly all 
organic acids ; they are, therefore, highly important compounds. 
The semimolecule of each consists of an atom of carbon, one 
bond of which is free to combine with other elements or groups 
of elements, the other three bonds being saturated, in cyano- 
gen by triad nitrogen, and in oxatyl by one atom of oxygen 
and one semimolecule of hydroxyl. In the molecules of both, 
the two free bonds of the carbon saturate each other. 

These radicals are closely related to each other. Thus, if 
cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate : — 

CyaiK^dn. Water. Ammonic oxalate. 

In the presence of potassic hjdrate, cyanogen erolres ammonia 
and produces potassic oxalate : — 

{gg: + 2KHo + 20H, = {gg|; + 2NH, 

Cyanogen. Potassio Water. Potaasio Ammonia, 

hydrate. oxalate. 

From these salts, oxalic acid, or the mokcule of oxatyl, may 
be readily obtaine4 by the action of sulphuric acid. 
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In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
this salt to the action of heat :— 

fCO(N'H,0) _ .Q„ rCN"' 

tO0(N'H,0) ~ ^ \CN"'- 

Anunonio oxalate. Water. Cjmogen. 



CTANOaEN. 



■ni 



rcN' p. 

\ ON'" ^^ ^^'• 

Molecular weight =52. Molecular volume rTl - 1 litre weighs 
26 criths. Fuses at —34°. Boils at — 20°-7, 

Occurrence. — Amongst the gases of blast furnaces, — a proof 
of its withstanding an extremely high temperature. 

Preparation, — By the action of heat on mercuric cyanide i- — 

HgCy, = Hg + Cy,. 

Heronrio Cyanogen, 

(^yanide. 

This equation only partially expresses the reaction, as a brown 
non-volatile compound (paracyanogen), Cy„ is simidtaneously 
produced. 

Beaction. — Cyanogen unites directly with potassium : — 

Cy, + K, = 2KCy. 

Cyanogen. Fotaario 

cyanide. 



htdboctanic acid. 

{no *"■ '^^^- 

MolecuUvr weight ^=27 , Molecular volume III . 1 litre of hg* 
drocganic acid vapour weighs 13 '6 criths, Sp, gr, of liquid 
0-7058. Fuses at —15^ Boils at 26°-5. 
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PrepcM^atioh. — 1. In the anhydrous condition, bj passing 
hydrosulphuric acid over mercuric cyanide : — 

HgCy, + SH, ^ HgS" + 2HCy. 

Mercurio Sulphuretted Mercuric HjdroOTanio 

cyanide. hydrogen. sulphide. add. 

2. By distilling potassic cyanide, or ferrocyanide, with dilute 
sulphuric acid : — 

2KCy + SO.Ho, = 2HCy -h SO.Ko,. 

Potassic Sulphuric Hydrocrp-anio Potasssio 

cyanide. acid. acidl sulphate. 

3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 

COKo, + C, + N, = 2KCy + 3C0. 

Potassic Potassic Carbonic 

carbonate. cyanide. oxide. 

The potassic cyanide thus formed is then treated according 
to process No. 2. 

4. By heating together an alcoholic solution of ammonia, 
chloroform, and potassic hydrate: — 

NH, + CHCI3 + 3KHo = 3KC1 + NCH + 30H,. 

Ammonia. Chloroform. Hydroctyanic 

acid. 

Reactions, — 1. Hydrocyanic acid in contact with water slowly 
passes, partly into ammonic oxalate' as mentioned at p. 26, and 
partly into ammonic formate : — 

NCH + 20H, = {cO(N^H.O). 

Hydro^anic Water. Ammonic 

acid formate. 

2. If hydrocyanic acid be mixed with concentrated hydro- 
chloric acid, formic acid and ammonic chloride are produced : — 

NCH + 20H, + HCl = {coHo + NH.Cl. 

Hydrocranic Water. Hydrochloric Formic Ammonic 

add. add. add. chloride. 

3. The displacement of the hydrogen in hydrocyanic acid by 
metals gives rise to a very extensive series of single and double 
cyanides. The following is a list of the most important of 
these compounds : — 
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Single Gyanides, 

Potassic cyanide KCy. 

Zincic cyanide ZnCyj. 

Cadmic cyanide CdCy . 

Nickelous cyanide NiCyj. . 

Argentic cyanide AgCy. 

Mercuric cyanide HgCyg. 

Aureus cyanide AuCy. 

Cuprous cyanide 'Cu'j^Cy^. 

Ferrous cyanide P^Cy^. 

Cobaltous cyanide CoCy^. 

Double Oyamdes. 

Dipotassic zincic tetracyanide K^Zn", Cy^. 

Pipotassic cadmic tetracyanide KjCd", Cy^. 

Dipotassic nickelous tetracyanide ^a^i", Cy^. 

Potassic argentic dicy anide K Ag, Cy^. 

Potassic aurous dicyanide KAu, Cy^. 

Potassic auric tetracyanide KAu'", Cy^. 

Dipotassic cuprous tetracyanide K^'Cu'^, Cy^. 

Dipotasssic platinous tetracyanide KljPt", Cy^. 

Tetrapotassic diplatiuic decacyanide 'KJVt"\Qj^Q. 

Tetrapotassic ferrous hexacyanide. (Po- 
tassic ferrocy anide.) K^, Fe"Cyj. 

Hexapotassic diferric dodecacyanide. (Po- 
tassic ferricyanide.) K^, '^&"\Cj^^, 

Hexapotassic dicobaltic dodecacyanide. 

(Potassic cobalticyanide.) Kg, 'Oo"\Cj^^. 

Hexapotassic dichromic dodecacyanide . . . Kg, '^^"\0j^^, 

Hexapotassic dimanganic dodecacyanide ... . Kg'Mn"'2, Cyj^. 

The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates : — 

KCy + O = CyKo. 

Fotasflic Fotaaaio 

cyanide. cyanate. 

Some of the single cyanides, as potassic cyanide, are readily 
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decomposed by acids ; otbers, as ferrous and aurous cyanides, 
may be boiled with moderately strong acids without decom- 
position. 

Most of the insoluble single cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic acid, producing chlorides of both metals', as in the 
case of dipotassic zincic tetracyanide. These are called ecmly 
decomposable cya/nides^ and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K^, re''Cyg, and the potassic ferricyanide 
Ke,Te'^Cy,, 



POTASSIC FERROCTANIDE. 

K^, re"Cy, or K.Cfy. 

Freparation. — 1. By placing a mixture of iron filings and 
solution of potassic cyanide in contact with the air, oxygen is 
absorbed and potassic ferrocyanide produced : — 

Fe + 6KCy + OH, + O = lS.,Ye"Qj, -f 2KHo. 

Fotassio Water. Potassic Potassic 

cjanide. ferrocyanide. hydrate. 

2. By digesting potassic cyanide with ferrous sulphide : — 

FeS" + 6KCy = K,Pe"Cye + SK,. 

Ferrous Potassic Potassic Potassic 

sulphide. cyanide. ferrocyanide. sulphide. 

3. On a manufacturing scale it is prepared by fusing nitroge- 
nous animal matter with potassic carbonate and iron filings in 
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iron vesselB, liziviatmg the resulting mass with water, and crys- 
tallizing. 

Reactions, — 1. Fotassic ferrocyanide, when fused with po- 
tassic carbonate, forms potassic cyanide and cyanate : — 

Fe"CyeK^ + COKo, = 5KCy + CyKo + Pe + CO^. 

Fotaaaio Potassio Potaatio Potassio Carbonio 

ferrooyaaide. carbonate. cyanide. cyanate. anhydride. 

2. By mixing solution of potassic ferrocyanide with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated : — 

Fe"Cy,K, + 4HC1 = 4KC1 + Fe"Cy3H,. 

Potassio Hydrochloric Potassio Hydroferrocyanic 

ferrocyanide. acid. chloride. acid. 

3. Potassic ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air : — 

Pe"Cy.K,- 4- SO.Peo" = Ye"Cj,'Fe"K, + SO.Ko,. 

Potassic Perrons Light-blue Potassio 

ferrocyanide. sulphate. precipitate. sulphate. 

4. With ferric salts it gives prussian blue : — 
3re"Cy,K, + 2Pe,Cle = 3Fe"Cy„ 2're"',Cye + 12KC1. 

Potassio Ferric PrusJBian blue. Potassic 

ferrocyanide. chloride. chloride. 

6. With cupric salts it gives a red precipitate of cupric ferro- 
cyanide : — 

K,re"Cy, + 2SO,Cuo" = Cu",Fe"Cy, + 2SO,Ko,. 

Potassb Cupric Cupric Potaasic 

ferrocyanide. sulphate. ferrocyanide. sulphate. 



POTASSIC FEBBICTAinSE. 

K„ 'Fe'-.Cj,, or K.Cfdy. 

Preparation. — By the action of oxidizing substances, such as 
chlorine or nitric acid, on potassic ferrocyanide : — 

2K,Fe"Cy. + CI, = K.Te"',Cy„ + 2KCL 

Potassio Potassio Potassic 

ferrocyanide. ferricyanide. chloride. 
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BeacHon. — Potassic fenicyanide produces no precipitate with 
solutions of ferric salts, but causes a deep-blue precipitate with 
ferrous compounds : — 

B;Te'",Cy,, + SSO^Feo" = re'VFe"',Cy„ + 3SO,Ko,. 

Potaaaio Ferrous sulphate. Tomboll's blue. Potessio 

ferricyanide. sulphate. 



OTHER COKFOXnmS OF CYANOGElir. 

There are three isomeric chlorides of cyanogen : — 
CyCl. CyA- Cy.Cl,. 

Gaseous. liquid. Solid. 

2Jke molecular volume of all three cyanic chlorides is fTl * 

1 litre of gaseous cyanic chloride weighs 30*75 criths. 

1 litre of vapour of liquid cyanic chloride weighs .. . 61 '6 „ 
1 litre of vapour of solid cyanic chloride weighs ... 92 '25 „ 

Cyanogen produces, with hydroxyl, three isomeric acids and 
an isomeric neutral body : — 

Cyanic acid CyOH or CyHo. 

Cyanuric acid CygOgllg or CygHog. 

Fulminuric acid CyjOgH, or CygHOg. 

Cyaraelido Cy^O„H„ or Cy„Ho„. 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate : — 

CyK + S = CyKs. 

Potassio Potassio 

cyanide. sulphocyanate. 

This compound produces with ferric salts a blood-red colour. 



OZATTL. 

rcoHo 

1 COHo- 
This radical, in the isolated condition, constitutes dry oxalic 
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acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acids. Acids 
containing one semimolecule of oxatyl are monobasic, those 
containing two are dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 



H— C- 

I 
H 



H H 

CH 



-c-H(5i;. N-C- 



TT Methyl. 



X^ \ ON'"- 

CyanogSQ. 



0=0— 

I 

o 



J^ Oxatyl. 



i 



H 



In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being satu- 
rated by three atoms of hydrogen. In cyanogen the carbon 
atoms are united in the same manner, but the three remaining 
bonds of each carbon atom are saturated by triad nitrogen ; 
whilst in oxatyl the three remaining bonds are saturated with 
the dyad element oxygen and the monad radical hydroxyl. 

Oxatyl has not been united witb chlorine to produce oxatylic 
chloride (COHoCl); nor has its hydroxyl been replaced by 

chlorine to form < nXni' When treated with phosphoric 

chloride, it yields carbonic oxide and carbonic anhydride : — 

ff 

{ COHo + ^^» = CO + CO, + 2Ha + POCl,. 

OzatyL Fhosphorio Carbonio Carbonic Hydrochloric Phosphoric 
cUoride. oxide. anhydride. add. oxytrichloride. 
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OXALIC ACID. 

{ COHo' 20^2 (crystallized). 

Occurrence, — In the form of the hydric potassic salt in Omits 
acetosella, and in the form of different salts in many other 
plants, and also in the animal organism. 

Frepa/ration. — 1. From its elements through the medium of 
potassic cyanide. (See pp. 26 & 28.) 

2. By passing carbonic anhydride over heated sodium : — 

Carbonic Sodic oxalate, 

anhydride. 

3. By the oxidation of a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and water : thus sugar is transformed into oxalic 
acid by the action of nitric acid. 

4. By heatiug sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Transformations. — 1. By the action of heat, oxalic acid is 
transformed into carbonic anhydride and oxatylic hydride, or 
formic acid : — 

fCOHo _ CO + /H 
jCOHo - *'"» + tCOHo- 

Ozalio acid. Carbonic Formic acid, 

anhydride. 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide: — 

{cOHo = OH, + CO. 

Formic acid. Water. Ciarbonio 

oxide. 

2. Substances having a strong attraction for water, such as sul- 
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phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride: — 

{cOHo = CO + CO, + OH, 

Ozalioacid. Carbonio Carbonio Water. 

oxide. anhydride. 

3. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

{coio + 2KHo = 2C0K0, + H,. 

Potassio Fotassio FotaBsio 

oxalate. hydrate. carbonate. 

4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 

{coilo = 200, + Ag, 

Ai^entio Carbonio 

oxalate. anhydride. 

Salts of Oxalic add. — Oxalic acid forms three series of salts : — 
Nopmal. Acid. Superacid. 

fCOKo . rCOHo fCOHo f COHo 
ICOKo- tCOKo- tCOKo' tcOHo- 



[CO 



r 



OOHo 
OO 



Bao". ^ Bao" 



1 °0^ ■ 1 OO 

l^OOHo 



OXAMIC ACH). 

r CO(N"'H,) f OOAd 
tOOHo °^ tcOHo- 

Preparation. — By heating hydric ammonic oxalate to iW :— 

fO0(N'H,0) _ |O0(N"'H,) . ^„ 
tOOHo - I OOHo + ""»• 

Hydrio ammonio Oxamio acid. Water, 

oxalate. 

Reaction, — ^By boiling oxamic acid with water it is retrans- 
formed into hydric ammonic oxalate. 

D 2 
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OXAMIDE. 



f CO(]S""H,) _ f COAd 
t CO(N"'H,) ^^ \ COAd- 

preparation. — 1. By distilling normal ammonic oxalate : — 
rCO(NvH,0) _ 20H + /CO(N"'H.) 

Nomtal ammonio Water. Oxamide. 

oxalate. 

2. By acting upon ethylic oxalate by ammonia ; — 
fCOEto . ^^^ _ rCO(N"'H,) . 2^.^^ 

Ethylio Ammonia. Oxamide. AloohoL 

oxalate. ' 

Reactions, — 1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen : — 

fCO(F"'H,) _ ,oT^ , fCN'" 

Oxamide. Water. Cyaiu^en. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts : — 

fCO(N"'HJ . goTT„ ■ 20TT - /COHo 

Oxamide. Salphnrio add. Water. Oxalio aoid. 

+ SO.CN-H.OX. 

Ammonic sulphate. 

By distilling the oxalates of the compound ammonias instead 
af ammonic oxalate, compound oxaraides are obtained : — 

rC0(N^MeH30) _ oott . fCO(N'"MeH) 
\ COCN'MeHgO) "" ^^^^ "+" 1 CO(N"'MeH) ' 

M ethjlammonic oxalate. Water. Dimethyloxamide. 

fCO(N'PliH,0) _ 20H. + /CO(N"'PhH) 

Fhenylammonic oxalate. Water. Diphenyloxamide. 
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CHAPTER V. 

HTDBIDES OP THE OBGAITIO RADICALS. 

This family is divided into two classes : — 

Class I. Hydrides of the Positive Eadicals. 
Class II. Hydrides of the Negative Eadicals. 



Class I. 

HTDBIDUS OF THE POSITIVE EADICALS. 

Two series of hydrides belonging to this class are well known ; 
they are : — 

1. Hydrides of the Eadicals of the Methyl series. 

2. Hydrides of the Eadicals of the Phenyl series. 



1. HTDEIDES OF THE BABIGALS OF THE 
METHYL SEBIES, Marsh-gas or GJl^^ Series, 

There is some difference of opinion as to whether these com- 
pounds are identical or isomeric with the radicals of the methyl 
series. Thus methyl and ethylic hydride both contain C^H^, 
and ethyl and butylic hydride both contain 0J3.^^, The graphic 
formal© exhibit no difference between these pairs of bodies re- 
spectively. Thus : — 

flH^H oHH<«HH 

.11 
.C— H H— i 



TT 



u 



I 

H 



H 



— C— C 



H 



C— C— H 



H H 



Methjl or ethylio hydride. Ethyl or batylio hydride. 

These formul© do not show us whether the molecule of 
methyl or ethylic hydride wiU separate at a and so be represented 

by the formula •! tt^ ^\ \ or at h and so be written thus, 



38 HYDRIDES OF THE POSITIVE RADICALS. 



{ 



qV ; or whether the molecule of ethyl or butylic hydride 
will separate at c, and so be formulated ] -rr ^^^ * — or at d, 

when it should be represented by \ crOTT^^H* * ^<^™® experi- 
ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
be conceived on the supposition that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation. — 1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals s — 

Zn(CJE^O, + 20H, = ZnHo, + 2{^»^*^'- 

Zino compound Water. Zinoio Hydride of 

ofradioaL hjdrate. radical. 

The corresponding compounds containing more positive 
metals might doubtless be substituted for those of zinc. 

2. There are several special processes which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
methyl may be obtained, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc: — 



2^ 



fC„H2^i -h Zn = Znl, + C,H^ -f 



H 

V 

Iodide of the monad Zinoio Dyad Hydride of 

radicaL iodide. racucal. monad radical. 

Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 

Character, — Th6y are all distinguished by their great chemical 



20 
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indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, &c. 

The following list contains the hydrides of the monad radicals 
hitherto studied : — 

Boiling-points. 
Methylic hydride, or Marsh-gas.. MeK or C H^ 

Ethylic hydride EtH or Cg Hj 

Propylic or tritylio hydride PrH or C3 Hg 

Butylic or tetrylic hydride ' BuH or C^ H^q slightly above 0**' 

Amy lie or pentylic hydride AyH or Cg H^ 30° 

Hexylic or caproylic hydride CpH or Cg H^^ 68° 

Heptylic hydride C7 Hw 9^94° 

Octylic hydride C^ H^g 116-118° 

NonyUc hydride C^ H^o 136-138*' 

Decatylic hydride C^^K,^ 160-162^ 

EndecatyUc hydride C^R^^ 180-184° 

Dodecatylic hydride Ci^Ha, 196-20O' 

Tridecatylic hydride ^lAis 216-218*' 

Tetradecatylic hydride Ci^Hgo 236-240° 

Pentadecatylic hydride : C15H33 265-260° 

METHYLIC HYDEIDE, Marsh-gas, lAgU Carhuretted 

Hydrogen, Mre-damp, 

CH, or MeH. 

Molecular weight =16. Molecular volume I I 1 . 1 litre weighs 
8 criths. 

Occurrence. — 1. As a product of the decomposition of orga- 
nic substances out of contact with air. 

2. Evolved in coal-mines. 

3. The gas of the mud- volcano at Bulganak in the Crimea is 
nearly pure marsh-gas. 

Preparation. — 1. By the action ,of water on zincic methide. 
(See general reaction, p. 38.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 

I g Jl-^ + KHo = COKo, + CH.. 

Potassic Potaasio Potassic MethyliQ 

acetate. hydrate. carbonate. hydnde. 
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3. By the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water :— 

CCl, + H, = 4HC1 + CH,: 

CarboBio Hydroohlorio Hethjlio 

chloride. acid. hydride. 

CHCl, + H. = 3HC1 + CH,. 

Chloroform. Hydrochloric Methjlic 

acid. hydride. 

4. Bj passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

CS", + 2SH, + 4Cu = 4C3iiS" + CH,. 

Carbonic Sulphuretted Citnric Meth^lio 

dlBolphide. hydrofoil. solpnide. hydnde. 

5. Bj the destructive distillation of organic substances, such 
as wood and coal. 

Recictions. — 1. "When equal volumes of methylic hydride and 
chlorine are exposed to diffused davHght, methylic chloride is 
formed :— 

CH, 4- CI, = HCl + CH3CI. 

Met^h^lio Hydroohlorio* Methy^Uo 

hydnde. add. ohlonde. 

2. When methylic hydride is passed through a red-hot tube, 
hydrogen, ethylene, acetylene, and ethylic hydride are pro- 
duced. 



ETHTLIC HTDBIDE. 

C^He or CMeH,. 

Molecular weight =30. Molecular volvme n~] ' 1 1^^^ weighs 
15 criths, 

Freparatian, — 1. By the action of water on zincic ethide 
(see p. 38). 

2. By the action of ethylic iodide on sodic ethide, ethylene 
being simultaneously produced : — 

CMeH^Na + CMeHJ = Nal + C,H, + CMeH,. 

Sodio ethide. Ethjlio Sodic Ethylene. Ethylic 

iodide. iodide. hydride. 
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Reactions, — 1. When equal volumes of ethylic hydride and 
chlorine are exposed to diffused daylight, the following action 
takes place : — 

CMeH, + CI, = CMeH,Cl + HCl. 

Ethjrlio / ^Eth^lio Hjdroohloiio 

hydride. \ t ohlonde. acid. 

A small portion of the body CMeH^Cl is ordinary ethylic 
chloride, which is a liquid, boiling at 12°'5 ; but the rest is a gas 
which does not condense at —18° 

2. When a mixture of two volumes of chlorine and one of 
ethylic hydride is exposed to the action of diffused daylight, an 
oily liquid having the composition of ethylenic dichloride is 
formed : — 

CMeH3 + 2C1, = 0,H,C1, + 2HC1. 

Eth^lio Hjdrochlorio 

hydride. aoid. 



AMTLIC HYDRIDE. 

C,H,, or CBUH3. 

Molecular weight =72. Molecular volume Q^. 1 litre of 
amylio hydride vcvpour weighs 36 criths. Boils at 30^. 

Occi^rrence, — ^In petroleum and coal-oil. 
Preparation, — By digesting zinc and amylic iodide with 
water or alcohol at 100° : — 

2CBuHJ + 2Zq + 20H, = 2CBUH3 

Amylic Water. Amjrlio 

iodide. hydride. 

4- ZnHoa 4- Znlj. 

Zinoio Zinoio 

hydrate. iodide. 



PARAFFIN. 

This body is produced, together with numerous other com- 
pounds of a like nature, by the destructive distillation of bog- 
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head coal and similar substances. It is also found in petroleum 
and asphalt. Chlorine has no action upon paraffin in the 
cold; but if it be passed into melted paraffin, the latter 
is slowly attacked, hydrochloric acid being evolved. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it 
was formerly considered to belong. In the formula C^Hg^g^or 
paraffin, the value of n has not yet been satisfactorily deter- 
mined ; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 



2. RTDEIBES OF TRU EADIQALS OF THE 

FKENTL SERIES, 

The following six members of this series are known, viz. : — 

Boiling- 
Formulae, points. 8p. gr. 

o 

Pentol C^H^ 600 

Benzol C^ H^ 80-6 0*85 

Toluol C,H, 110-0 0-87 

Xylol CgH,o 128-5 



Cumol C,H,a 148-5 0-87 

Cymol CioH^^ 171*4 086 

Preparation. — 1. These hydrides are produced by the distilla- 
tion of the alkaline salts of the acids containing the same posi- 
tive radicals, with excess of potassic hydrate : — 



COKo 


.+ 


KHo = 


= COKo, 


+ • 




Fotaasic salt. 




Fota49sio 
hydrate. 


Fotassio 
carbonate. 




Hydride of 
radical. 



2. By the destructive distillation of various organic sub- 
stances, such as coal. 

Methyl-phenyl, CgH^Me, is ordinary coal-tar toluol. 

Ethyl-phenyl, CeH^Et, is not xylol from coal-tar ; it boils 
at 135°, six or seven degrees above the boiling-point of coal-tar 
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xylol. Ethyl-phenyl produces a nitro-compound which can be 
distilled; it boils at 233°. Ethyl-phenyl, when oxidized by 
chromic acid, gives benzoic acid and carbonic anhydride, while 
xylol gives terephthalic acid. 

Xylol from coal-tar is dimethyl-benzol or methyl-benzyl, 
CgH^MCj. It may be produced by the action of bromotoluol 
upon methylic iodide in presence of sodium. 

Diethyl-benzol, by oxidation with chromic acid, gives water, 
carbonic anhydride, and terephthalic acid : — 

C^H^Et, -f 120 = CeH,(COHo), + 2C0, + 40H,. 

Diethyl benzol. TerephthaUo acid. 

Oxidized with dilute nitric acid, it gives ethylbenzoic acid : — 
CeH.Et, -h 60 = CeH,Et(COHo) + CO, + 20H,. 

Diethyl-benzol. Ethyl-benzoio acid. 

Cymol from cumin oil and from camphor are isomeric. 

Methyl-xylol or trimethyl-benzol, CgHgMeg, is the cumol of 
tar. It boils at 165°-166°, and gives a compound with bromine 
fusing at 72°-73°. 

Ethyl-xylol, dimethyl ethyl-benzol, C^H^Me^'Et, boils at 183°- 
184°, and by oxidation gives acetic acid and an acid resembling 
terephthalic. 

Properties. — These hydrides are distinguished from those of 
the radicals of the C^Hg^^-i series by being less indiflferent to 
chemical agents* By treatment with strong nitric acid they 
yield nitro- compounds : — 

Thus Pentol, C, H^, gives nitropentol, C, H3 (N^O J ? ^ 
Benzol, C^ H^, „ nitrobenzol, C^ H, (N^OJ. 
Toluol, C^Hg, „ nitrotoluol, C,H^(N^OJ. 






Xylol, C3 H,„ • „ nitroxylol, C, H, (N-0,). 
Cumol, CjHj,, „ nitrocumol, CgHii(N^02). 
Cympl, CioH,4, „ nitrocymol, C,JS.,^ll&''0^. 



Under the influence of reducing agents, these nitro-compounds 
yield aniline and its homologues. 

Pure nitrotoluol is solid at ordinary temperatures. It boils 
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at 237°. By reduction it gives toluidine ; and by the action of 
potassic chromate and Bulphuric acid, paranitrobenzoic acid or 
nitrodracylic acid is formed. 

So-called liquid nitrotoluol is a mixture of nitrobenzol and 
nitrotoluol. 



BENZOL, Benzene, Benzine, Bhenylic Hydride, 
Bicarhu/ret of Hydrogen. 



CgHg or PhH. 



H H 



/ \ 
H— C C— H 

I I 
H H 

Molecular weight =78. Molecular volume fTI ' 1 ^*^^^ of 
henzol'Vapour weighs 39 criths. Fuses at 6°*5. Boils at 
80°-5. 

Occurrence, — In Eangoon petroleum and in coal-tar. 
Preparation. — 1. By heating benzoic acid with excess of lime 
or baryta : — 

{co&o + ^'•O = {§•=' + cocao". 

BeiuBOLO add. lame. 'BensoL Oaloic carbonate. 

2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride : — 

IS^S^ = CO + CH 
iCOHo ^a -r ^6^6- 

Benzoic acid. Carbonic BensoL 

anhydride. 



SUBSTITUTION PRODUCTS FROM BENZOL. 



3. By heating phthalic acid with lime :• 



CsH.0, 


+ 


2CaO 


= 


CeH. 


+ 


2COCao". 


FhthaUo 
add. 




lime. 




Benzol. 




Calcio 
carbonate. 
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4. By passing fats through red-hot tubes. 
6. By the destructive distillation of coal. 
6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 



SUBSTITUTION BEBIYATlTES OF BENZOL, 

I. Br omo- Compounds, 

MONOBROMBENZOL. 

C,H,Br. 
BoiU at 150°. 

Breparation. — ^By acting with two atoms of bromine on boil- 
ing benzol : — 

C^He + Br, = CeH^Br + HBr. 



Benzol. 



Monobrambenzol Hjdrobromio 
' or phenylio add. 

bromide. 



DIBBOHBENZOL. 

C,H,Br,. 

Fuses at 89°. Boils at 219°. 

Preparation, — By treating monobrombensol with excess of 
bromine. 



TBIBEOHBENZOL HaTDBOBROlflEATK 

Breparation.'^'Bj exposing a mixture of benzol and bromine 
to the action of sunlight. 
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TBIBBOMBENZOL. 

Preparation. — By boiling the previous compound with'alco- 
holic potash. 

The following graphic formulaB show the probable atomic 
relations subsisting between benzol, tribrombenzol hydrobro- 
mate, and tribrombenzol : — 

H H 



C-0-. 'V- 
/ \ 

c— c— ^'- 

I I 

H H 

JBensol. 

H H 

Br— C— C— Br 

Br/^^ ^\Br 

H— C— C— H 

I I 
Br Br 

Tribrombenzol hjdrobromate. 

H Br 



i^ 



/ \ 

Br— C C— H 

\ // 

c— c 

il 

TribrombenzoL 



NITBOBENZOL 4/ 

II. CMoro-compounds, 

Benzol forms three chloro- substitution compounds, similar 
to the bromo-compounds just described. 

State of Fusing- Boiling- 

aggregation. point point.. Sp.gr. 

Monochlorbenzol ... CgH^Cl, Liquid... 136°. 

Dichlorbenzol C«H,C1„ Solid ... 89°. 



Trichlorbenzol CgHgCla, Oily ... 210° 1-457. 

III. NitrO'Compounds. 

Two only have hitherto been produced : — 

ISTitrobenzol CgH^CN^O^) or NCCgHOO^. 

Dinitrobenzol C,H,(N^O,), or N,(C,H J'O,. 



NITROBENZOL. 

N(CeH,)0, or NPhO,. 

Molecular weigM =123. Molecular volume I I I . 1 litre of 
nitrobenzol vapour weighs 61*5 criths, JBhises at 3°. 
Boils at 220°. 

Preparation. — By the action of nitric acid on benzol : — 
0,H, + NO,Ho = M(C.H.)0, + OH,. 

Benzol. 19'itrio acid. NitrobenzoL Water. 

JReactions. — 1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic acid and iron, or potassic arsenite, nitrobenzol is con- 
verted into aniline : — 

N(C,H.)0, + 3SH, = N(C,H,)H, + 20H, + S, 
or O.H,(N'0 J + 3SH, = C,H.(N"'H,) + 20H, + S,. 

l^itrobenzol. Sulphuretted Aniline. Water. 

hydrogen. 

2. Nitrobenzol is also converted into aniline when its 
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vapour, mixed with hydrogen, is passed over spongy palla- 
dium : — 

N(C.H,)0, + 3H, = N(C.H.)H, + 20H, 

KitrobenzoL Aniline. Water. 

The relation between nitrobenzol and aniline will be seen in 
the following graphic formulffl :— 

H H 

I l< 
C=C 

/ \ II 

H— C C— N 

\ // I! 

c— c o 

I I 

H H 

Kitrobenzol. 



H H 



T. / \ I 

H— C C— N 

\ // \ 
C-C H 



H H 

Aniline. 



3. By the action of sodium amalgam and water, nitrobeniol 
is converted into azobenzol, and finally into hydrazobenzid : — 

arrcc.H.)©. + h, = " { g[^«g»> + 40h,. 

Nitrobenzol. AzobenzoL Water. 

„ f N(CeH,) . H - i N(C,H,)H 

Azobetazo Hydrazobenzid. 



•• 
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DINITBO^ENZOL. 

N,(C,HJ'0,. 



Fasea heloio 100°. 



Preparation, — By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

Reaction, — ^By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline : — 

N,(C,H,)"0, + 3SH, =-^(C.H.)" + 20H, + S,. 

Dinitrobenzol. SulphnretAed H'itraniline. Water. 

hydrogen. 



Class II. 

RTBEinm OF JVUGATIVF BADICALS. 

Only two of these are known : — 

Cyanic hydride or Hydrocyanic acid. 
Oxatylic hydride or Formic acid. 

The first has already been considered (p. 27) j and the second 
will be more conveniently studied in connexion vrith the fatty 
acids (p. 121). 



CHAPTEE VI. 

THE ALCOHOLS. 

The alcohols form one of the most important of the fisimilies of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is derived from marsh-gas by the 
substitution of one semimolecule of hydroxyl for one of 
hydrogen. 

VOL. II. s 
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CH.. 
H 

1 


CHjHo. 
H 

H C 0— B 

il 


H 0— F 


Hanh-gas. 


M^thylio alcohol. 



' The alcohols have been termed the hydrated oxides of the 
positive radicals ; but this is eroneouB, as they do not contain 
water. They may more correctly be defined as the compounds 
of hydroxyl tfrith the positive organic radicals, whence it follows 
that each series of positive radicals forms a corresponding 
series of alcohols. The alcohols act upon and saturate acids, 
forming a family of compounds termed ethereal salts. The 
acidity or acid-saturating power of the alcohols depends upon 
the number of semimolecules of hydroxyl which they contain : 
the monad radicals give monohydric alcohols, or alcohols con- 
taining only one semimoleciile oi hydroxyl, the dyad radicals 
dihydric alcohols, &c. We have thus thid annexed three prin- 
cipal subdivisions of the alcohol family* 

Monohydrio. Dihydric. Trihydrio. 

CHycerinorCnHsn-iHoa 
series. 

F^gallie or GnHsn-9 
H03 seriesi 



aiytjol or C^awHbj 

series. 
Orcin or OnHs^-sHo, 

series. 



Methyl or C„Ha»+iHo 

series. 
Vinyl or CnHsn-iHo 

series. 
Phenyl or CnHsn-7Ho 

series. 

The following symbolic and graphic formulsB will exemplify 
the disposal of the bonds in these three subdivisions : — 

Mbno%^dAc Alcohols* 

{Methyl sertM.) J '^ [ OH^o 

H H H 

H— C— 0— C— 0— H 



TRB ALCOHOLS. 



ar 



All 



Hylic alcohpl. 1 ^ o H jj„ „, ISffi"^. 



H--C=C— C-0— H 

I I I 
H H H 



^iplZl^^f} - <''^'^-' {c'&o- 



Propylenic aico" 
holjOrpropylio 
glycol 



Glycerin 



H H 

I I 
C=C H 

/ \ ' I ^ 
H— C 0_C-0-H 

W // I 

C— C H 

I I 
H H 

2)ihj/cMe Akohoh. 

nvtt. ^*i Q(GHOHHo 

H H H 
H—G— C3— C— H 

!tr^dric AlcokoU, 

m &H,Ho. or -^ CHHo . 

|CH,Ho 

H H H 

i I I 


H H H 

e2 
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MONOETDEIG ALGOROLS : 

Methyl or C^IIa.+iHo series. 
These alcohols may be divided into three classes, viz. : — 

1. Monohydric normal alcohola | CH ^**^^^^'*- 
. ,. secondary „ {gf^^t^ji^Ho' 

3. „ tertiary „ (gfgg-^^^. 

la the general formula of the normal alcohols n may =0, 
and even the whole radical C(C„Br2«+i)H2 may be replaced by 
liydrogen, as is the case in methylic alcohol. In the formula 
of the secondary and tertiary alcohols ;t may also =0, but m 
must always be a positive integer. 

2^0BMAL MONORTDBIG ALGOROLS, 
General formula { c§^"h^+'^"^^ 
ThQ following is a list of the members of this class ; — 

Pusing- Boiling- 
points, points. 



'■a 



Methylic alcohol /^^ ^^ 66°-5. 

EthyHc alcohol {ch'ho '^®°*^' 

Propyljo or trityUc al- fOMeH^ ^^ rC(CH3)H« ^^ 

oohol ICHaHo ^^ tCH^tfo ^• 

Bufcylio or tetrylic al- ?CEtEL rO(CJEJHa „.^ 

IflobutyKc alcohol {g^«jH ^^ |CgJ^>,H ^^^o. 

'^zlii'^:.'::^^^^ — ^^ 

Isamylic alcohol {^^^ or {gg^^^^^^^ -20^ 129o. 

P,eudamylic alcohol ... { g^^f or { g^^^)(CH3)H _ ^^.^ 

Caproylio or hexylio alcohol | S^U- 150°. 
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Fasuig- Bdling- 

points. points. 

CEnanthylio or heptylio alcohol •••• (oh^H: "^'^^'** 

Caprylio or octylid alcohol 1 cJ^tt ' *""^ ^^*'' 

NonyHo alcohol "{o^&o "^^ ^^*** 

DeoatyKc alcohol ""{oK^o ^^^'*- 

Cetylio alcohol {c^o ^'*- 



Cerotic alcohol *........ i ^^m ^^* 



"Ho 



Meliflsic alcohol (c&^o ^^''' 

The lower members of the class are liquid, and the higher 
solid. They are produced in a variety of operations, such as 
destructive distillation, fermentation, and animal secretion, but 
by reactions which cannot usually be traced. 

SelcfHons qfthe nohnal CJI^n+i^o alcohoh to the monad CnH,^i 

radicah* 

1. The radicals CJS.2n+i which are combined with hydroxyl in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 96), and subsequently acting on 
the iodide by zinc (see p. 11). 

2. The radical next lower in the series, than that contained in 
the alcohol, maybe obtained by converting the alcohol into the 
corresponding fatty acid, and then submitting a salt of this acid 
to electrolysis (see p. 119). 

3. Inversely, the normal alcohols maybe obtained by acting 
upon the normal radicals with chlorine under the influence 
of light, when one atom of hydrogen in the radical is dis- 
placed by chlorine. 

Thus in the case of methyl we have 

Kethyl. Chlorinated Hydrochloric 

methyl. acid. 



54 THB AICOMOIM. 

bj tfae aeikm of potaBBie hjdnte upon tius dilmriimted methyl , 
etbjlic alcohol is fmned, thns : — 



{ 



^a + ^ = (^ + ^"- 



This readioa requires fiiriiher iorestigatioii (see p. 55), 

Belations of ike normal C»Hsh-i^o dledkoU to ike ijfod CsH^ 

radimiU. 

1. The C^^mS^caAa vae obtained firom the nonnal CJB[3»4.iHo 
alcohols bj the abstraction of the elements of water : — 

{^o - OH. = "{^. 

EthTlic Water. Btlijleiie. 

aloonoL 

2. Inverselj, the normal alcohols aro obtained firom these 
radicals bj first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodic acid, and then treating the product ^th 
rpotassic hydrate : — 

"{cH, + Hca = {cH^Cl^ 

Ethylene. Hydioeliloric Stlijrlia 

add. chloride. 

(g^Cl + KHo - {g^„ + m. 

Ethjriio Fotaasio Etfarlio Potaasio 

chloride. hydrate, aloohoL chloride. . 

Or by uniting the dyad radicals with sulphuric acid, and 
distilling the product with water :— 

SO3H0, + 0,H, = SO,Ho(C^.O): 

Sulphuric Ethylene. Sulphovinio add. 

acid. 

SO,EtoHo + OH. = SO.H0, + EtHo. 

Snlphpyinio Water. Sulphuric St^ylio 

acid. ^ add. aloonoL 



BELATIONS OF ALCOHOLS TO CYANOGEN. 55 



delations of the normal G^H^iHo aleqhol§ to the hgdrides 

of the CJE[|R^i radicoih, 

1. When t^e aloohols firo eonyarted into iodides (see p. 06) 
and the latter digested with sinp md water at 100^, the coTre- 
spending hydrides ^re produced (see p. 88), 

2. When the hydrides pf the 0«H2kH-i radicals are acted 
upon by chlorine under the influence of light, they produce 
the chlorides of the radicals, from which the alcohols may be 
obtained by the action of potassio hydrate : — 

EtH + Clj = EtCl + HCl ; 

Eihjrlio Ethjrlio Hydrochlo- 

hydme. onloride. tioaaid. 

Eta + KHo « EtHo + KCl. 

Ethjrlio Potassio Ethylio Fotaaaio 

chloride^ hydrate. alconol. chloride. 

The greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and possibly gives a' 
correspondiQg isomeric alcohol. 



Melatiom of the CJEa^^iHo ahohoh to the radical e^wnogen. 
Ascent of the alcohol series. Mendms'^s reaction, 

Ey the dry distillation of potassio sulphovinate and its homo- 
logues with potassio cyanide, the nitriles or abnormal cyanides 
of the radicals are produced : — 

SO^EtoKo + KCy = SO^Ko, + EtCy. 

Fotastrio Fotaasio Potanic Ethylic 

snlphoTinate. cyanide. snlphate. nitrile. 

By treatment with nascent hydrogen, this ethylic nitrile 
is converted into propylamine : — 

NC(CMeH,) + H, = N[C(CMeH,)H,]H, or NPrH,. 

Ethylic nitrile. Propylamine. 
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By the action of nitrous anhydride, propylamine is trans- 
formed into isopropylic alcohol : — 

2NPrH, + N,0, = 2|3PrHo + OH, ' + 2N,. 

Propylamine. Nitrons I9oprop7lio Water. 

anhydride. afoohol. 

It is obvious that by repeating these reactions on isopropylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. But the alcohols are, if possible, secondary or 
tertiary. 

METHTIIC ALCOHOL, Wood Spirit, Fyroscylio Spirit. 

CH3H0 or MeHo. 
Molecular weight »=32. Molecular volume QU- 1 ^^^ of 
methylie alcohol vapour weighs 16 criths, Sp, gr. 0*798. 
£oil8 at 66°-5. 

Preparation. — 1. Prom marsh-gas, by the action of chlorine 
and subsequent treatment with potassic hydrate: — 

CH, + CI, = CB:,CI + HCl; 

Harsh- Methylio Hydrochlo- 

gas. chloride. rio acid. 

CH,C1 + KHo = CH,Ho + KCl. 

Hethylio Fotassio Metiiylio Potassic 

chloride. hydrate. alcohol. chloride. 

2. IVom the essential oil of Gaultheria procumhens, by the 
action of potassic hydrate : — 

C,H,OMeoHo + KHo = C.H^OHoKo + MeHo. 

Oil of GauUkeriapro* Potassic Potassic salicylate. Methylio 

cumbeng. (Metfio- hydrate. alcohol, 

salicylic add.) 

3. By the destructive distillation of wood. 

Reactions. — 1. Methylie alcohol unites with some salts iu the 
capacity of water of crystallization, as, for instance, — 

CaCl„2MeHo. 

2. By the action of potassium and sodium, methylates aro 
formed with elimination of hydrogen : — 

CH3K0. CHgNao. 

Potassic Sodic 

metiiylate. methylate. 
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3. By oxidation it is transfonned into formic acid :— 

{cH,Ho + 0> "^ {cOHo + °^»- 

ICethylio Formio acid. Water. 

•loohoL 

4. When distilled with calcic chloro-hypochlorite (chloride of 
lime) and water, chloroform is produced. 

O 

Ca" 

+ 30H,. 

Ca" 
O 

I^CaCl 

Hetbylio Calcic chlorot Chloroform. Calcic oxy- Water, 

alcohol. hypochlorite, chloride. 



£IH7LIC ALCOHOL, Alcohol, Spirit of Wine. 



20H,Ho + 40a(OCl)Cl = 20HC1, + <( 



( 



0^0 °' ^'^°- 



Molecular weigJit a=46. Molecular volume I I I . 1 litre of 
ethylic alcohol vapour weighs 23 criths, Sp, gr. 0792 at 
20°. JBoih at 78°-4. 

Freparation, — 1. From ethylene (p. 64). 
2. By the fermentation of grape-sugar with yeast at a tempe-i 
rature of about 22° : — 

CeH^Oe « 2C,H.Ho + 200,. 

Grape-sn^. Ethylic Carbonic 

aloonol. anhydride. 

At the same time, however, other products are formed, but 
in very small quantities. 

Beactions. — 1. Treated with potassium or sodium, alcohol 
forms ethylates : — 

f CH, f CH. 

t OH,Ko' t CH,Nao* 

FotMsio Sodio ethylate. 

ethylate 
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2. When p^sed tkrough a r^d-^ot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 

C,H,Ho = CH, + H, + CO. 

Btbvlio Marsh- Carbonio 

aloonoL gas. oxide. 

SinaH quantities of ethylene, beQ^iol, an4 paphthalin s|.re 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 

{cn% + = (c^H + OH. 

Ethylio Aldehyde. Water. 

alooiLol. 

{SSh + = {c5w 

Aldehyde. Aoetio add. 

4. Distilled with chloride of lime, ethylic alcohol' produces 
chloroform. 

Alooholates are salts containing alcohol in the place of water 
of crystallization ; they are mostly decomposed immediately by 
water, 

The following are known : — 

SSmCl,, 2C3H5H0. 

OaCl,, 40,H5Ho. 

•N20,Mgo",6C,H,Ho. 

5. Treated with chlorine as long as hydrochloric acid is 
evolved, it is transformed into ethylic chloride and chloral 
hydrate (the aldehyde of trichloracetic acid) : — 

KcIho + *CI. = {g&„^ +(gg3^i +'4HC1. 

Ethylio alcohol. Chloral hydrate. Ethjrlio 

chloride. 
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KEBOAPTAN, Sulphur Alcohol JSth^lie kulplhydraie, .. 

Si/dro9uJphate qfMhifl, 

Moleeular $fieighi ^Q2, Maleouhr polpme m « 1 litre, of 
mere0pfm V0four toeighi 81 er%ih9, 8p, gr, of Uqm4 
0-835. Boils at 63^ 

Preparation, — By distilling potassic sulphovinate with po- 
tassic sulpbhydrate : — 

SO,EtoKp + KHa = EtHs + SO^Ko,. 

Fotaasio Pptaspio XeNtpten. Fotaasio 

snlphovinate. , iulphliydrafce. sulphate. 

Beaotiom.-r'l, By the action of potassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, prq- 
ducing mercaptides :-r- 

CH,Ks- t OH^Ifas- 

Fotaaaio Sodio 

mercaptide. meroaptide. 

2. Mercaptan acts upon mercurif oxide with great energy, a 
white crystalline mercuric mercaptide being formed : — 



{ 



2 



_{ 



OH, 



{0^8 + HgO = Ig^Hgs" .+ OH,. 

ICH, 

Mercaptan. Henmno Meroorio Water. 

oxide. meroaptide. 

Fropylic alcohol, \ Q-g- ^, is obtained from the fusel oil 
of the marc brandy of the south of Prance. 

Butylic alcohol^ \ CH H ' ^ contained in the fusel oil pro- 
duced in the preparation pf spirit from the molasses of beet- 

{CEtH 
QTT TT^ is obtained 

from butylic acid by Firia and Wurts's reactions, described at 
p. 120. 
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Avftylio aleoiholy \ ng Ho^' ^ ^^ ^^^^ constituent of the 

fusel oil obtained in the manufacture of alcoHol from potatoes 
or grain. Two other normal, isomeric amylic alcohols are 
given in the Table at p. 52. 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described* 



. SEOONDABT MONOHTDEIO ALOOEOLS. 
General formula... (gfg-l^)^^^. 

The secondary alcohols differ from the normal in yielding, 
by oxidation, ketones instead of acids- 
Seven secondary alcohols are at present known : — 

Boiliog- 

Isopropylic alcohol or dime- f CH3 ^""^ * 

thylcarbinol t CMeHHo ^^- ' 

Methylethyl carbinol {cE^HHo ^''• 

Methylpropyl carbinol { OPrHHo -•• '^^^' 

MethyKsopropyl carbinol -{SMemio ^^^* 

Pteudohexylic alcohol or me- f CPrH, ^ ^^ 

thylbutyl carbinol I CMeHHo ■^'*^' 

Methylhexyl carbinol {c^'h )HHo ^^^' 

Methyhionyl carbinol | qS? jj ^ISRo ^^^* 

The first is obtained by the action of nascent hydrogen on 
acetone : — 

fCH, . TT - JCH3 

ICOMe + ^2 - \ CMeHHo- 

Acetone. Isopropylio^aloohoL 



{ 
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The relation existing 1)etween ethylic alcoliol, propylic 
alcohol, and isopropylic alcohol, will at once be evident from 
the following formula :— 

CH, fO(CH,)H, fCH. 

OH^Ho- tCH^Ho • tO(CH.)HHo- 

Ethylio i^oolioL Propylic alooh6L Isopropylio aloohoL 

Prom these formulse it is seen that propylic alcohol is ethylic 
alcohol in which one atom of hydrogen in the methyl (or non^ 
oxygenated part of < the compound) is displaced by methyl; 
whereas isopropylic alcohol is ethylic alcohol in which one atom 
of hydrogen in the oxygenated part of the compound is dis- 
placed by methyl. 

Ethylic alcohol boils at ... 7S°'4t 
Propylic alcohol „ * ... 97 
Isopropylic alcohol ,, ... 84 

Thus, by substituting an atom of methyl for one of hydro- 
gen in the non-ozygenated part of the alcohol, the addition of 
CH^ raises the boiling-point 18^*6 ; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the same 
addition only raises the boiling-point 5^*6. 

Isopropylic alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
organic acids, it will be seen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be sa transformed : — 



ch]ho + 0, « {coko + °^»- 

Ethylio alcohol. Acetio add. 'Water. 



( 



H 

I 
H— C— 



■H H 



— C 

I 
HO HO 



— C— H H— C— 

I 







H H 



6S 
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( 0(CH,)fl, 
tCH^Ho 

Fropylio alcohoL 



+ 0, = 



H 



H— C— 

I 



H 

-A 



H 



H 

i 



H 



/OH, 

\ 0(CH,)HHo + 



Isopropylio 
alconol. 



H 



H— C 



H 



— O— 
I 

o 



H 



— C— H 

I ■ 
H 



H 



fC(CH.)H, . o„ 



Propionic acid. 



H 



^ 



-A-Li- 



H : 



H 



I 
H 



i 



O = 



/OH. 

I O0(CHJ 

Acetone. 



H H 

H— C— C—C— H 

I 



H H 



Water. 



+ OH,. 

Water. 



TUBTIJJSY MOmSTDUIO ALOOHOtS. 

General fomulft. f S^p*?*^'\^ * 

The following members of tkis series are known s-~ 

Boiling- 

CMe.Ho ...: 85P-6. 

Dimetkyletliyl carbinol . . . CEtMe^Ho ., 100°. 

Dimetliylpropyl carbinol CPrMe,Ho 120° 

Dimethylisopropyl carbinol C/3PrMe,Ho ^ 112°. 

Methyldiethyl carbinol . . . CEt.MeHo 115°. 

Trietbyl carbinol CEtjHo 141°. 

Dietbylpropyl carbinol . . . CPrEfc^Ho 

f CH 
Faeudobutylic alcohol, \ niif e_Ho' ^^^ ^ small quantities 
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in butylic alcohol obtamed b j fermentation ; it has idso been 
produced by acting with zincic methide on acetylic chloride, 
and submitting the ptoduct thiis obtained to th^ action of 
water : — 



{ cSh + 2»«M«. 



{ OMe,(En"MeO) + *»^^' 



Acetylio 
chloride. 



Zincio 
methide. 



Zindo ohlor- 
mefhide. 



{ CMe.(Zn"MeO) + ^®^» = {oMe. 



Water. 



Ho 



FBendobatyUo 
alcohol. 



+ CH, + ZiiHo,. 

Methvlio Zinoio 

hydride. hydra^ 




H 

I 



^ TT f OH 

C-H or I Q^(5g^^2o' 



Pfeeildohatylic alcohol. 

r cU 



CHAPTER VII. 



MOirOSYDSIO AZCOSOLS: 
Vinyl or 0„H2„-iHo series. 
Two alcohols obly of this series Hre known ; of these the first 
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is a secondary, and tlie second a normal alcohol : 

VmyUc alcohol..." I g]^^ or OMe"HHo. 

AllyUc alcohol ...{chh?- 

H 
H-C=C— 0— H H— C=C-C— 0-H 



H H H H H 

Vinylio alcohol. Allylic alcohoL 



VINTUC ALCOHOL. 

"fCH, p 
tCHHo' 

JPreparatiott. — By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as iu 
the preparation of ethylic alcohol from ethylene (p. 54) : — 

SO^o, + C,H, = SO,(C,H,0)Ho. 

Sulphurio Acetylene. Snlphoviojlio add. 

aoid. 



S0,(C,H,O)Ho + OH, = SO^o, + CMe"HHo. 

SnlphoTinylio add. Water. Sulphnrio Vinylio 

aoid. alcohol. 

This alcohol is isomeric with aldehyde and with ethjlenic 
oxide :— 



„ f OH, f CH. f CH^o 

t CHHo t COH t CH,"- 



^2 

in 
alcohol. ' oxide. 



Vinylio Aldehyde. Ethylenio 

hoi. 



{"CH 
CH" H ' ^® *^® ^^^ formula for 

vinylic alcohol from acetylene, it is obvious that this body could 
not yield an acid by oxidation ; but if the latter formula repre- 
sents it, this alcohol is normal and ought to yield on oxidation 

{"CH 
COHo' ^o^^^ogous with acrylic acid. 
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ALLTUC ALCOHOL. 

fCMe"H .,, „ 

Both at 96?-5. Sp. gr. of liquid at 0°«= 0-8709. 

Freparafion. — Glycerin, when submitted to the action of dl- 
phosphorcus tetriodide, yields allylic iodide : — 

rCH,Ho JOH, 

'P",I, + 2 ■! OHHo = 2 \CH + 2P0HH0, + I,. 

lCH,Ho {CH^I 

Diphoflphoroas Gljcerin. Allelic Phosphorous 

tetriodide. iodide. acid. 

The allylic iodide is then decomposed by argentic oxalate, 
when allylic oxalate is formed : — 

Q A11T + fCOAgo _ fCOAllo . oA^j 

All^lio Argentic AUtUo Argentic 

iodide. oxalate. oxalate. ic^de. 

The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced : — 

rCOAUo . 2-^ _ fO0(N"'H,) , 2A11HO 

Allvlic Ammonia. Oxamide. Alljlio 

oxautte. alcohol. 

Reactions. — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation it gives acrylic acid: — 

fCMe"H . = /C!Me"H . qjj 
tOH,Ho + ^' - jCOHo + "^'- 



Allvlic Acrylic Water, 

alconol. acid. 

2. With phosphoric anhydride it yields allylene :— • 

H 

I ICH3 

H— C— C=C— H =a ]C . 

I "'{oh 

H 

VOL. II. ^ 
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Among tbe ethereal salts of alljUc alcohol, the sulphide and 
snlphocjanate occur in nature as garlic and mustard oils : — 



^CMe"H 

CH, 

8" 

CH3 
|^CMe"H 

' AUtUc Allylie 

solpaide. nih>hocyuiate. 

(Garlie oiL) (lUataid oO.) 



fCMe"H 

"ics" 



CHAPTER VnL 

KOarORTDBIC ALCOSOLSi 

Phenyl or C„Hj^.7 series. 

lliese alcohols may be divided into a normal and a tertiary 
class. TLe members of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit a slightly acid character. 

Class I. Normal Alcohols. 

General formula {cBLHo' 

Benzylic alcohol* ' | q^^^ • 



»H— C=C— H H 

H-fc C C— 0-H 

li II I 

H^C— C— H H 
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Xylylio alcohol | q^^Ho*' 

{G H 
CH&o* 



Class II. Tertiary Alcohols. 

General fonntda CnHi^yHo. 

Phenylic alcohol. Carbo- 
lic acid* OjHjHo. 

Cresylic alcohol CgMeH^Ho. 

Phlorol , C^EtH^Ho. 

Dimethyl-phenylic alcohol OgMejHjHo. 

Thymylid alcohol OeEtjHjHo f 

Class I. NORMAL AlCOSOZS. 
BENZTLIC ALCOHOL 



{ 



CeH, 



OH,Ho ' 
Soih at 204.^ 

JPreparation, — 1. By treating oil of bitter almonds with alco- 
holic potash : — 

^tcOH + ^^^ " tCH,Ho + tCOKo- 

Benzoic aldehyde. Potassic Benzylic alcohol. Fotaesio 

(Oil of bitter hydrate. benzoate. 

almonds.) 

H— U C-O-H 

I I 
H— C— C— H 

v2 
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2. Benzylic alcohol may be obtained from toluol by first 
converting tbe latter into toluylic chloride by the action of 
chlorine — 

tCH,H + ^^» -^ tCH^Cl ^ . ' 

Toluol. Tolnylio chloride. Hydrochloric 

(Tolajlic hydride.) add. 

and then submitting the toluylic chloride to 'the action of po- 
tassic hydrate :- 

{cfc + KHo = {gg^^ + KCl. 

Toluylic Potassic Benzylic Fotusio 

chloride. hydrate. alcohol. chloride. 

3. By digesting benzylic chloride with freshly precipitated 
plumbic hydrate : — 

2{ofel + "»Ho, = PbCl, + 2{gg^,. 

Toluylic or Plumbic Plumbic Benzylic alcohoL 

Benzylic chloride. hydrate. chloride. 

4. By passing a mixture of hydrogen and the vapour of ben- 
zoylic chloride over heated spongy palladium : — 

{%& + 2H, - {g^, + HCl. 

Benzoylic chloride. Benzylic alcohol. 



Class II. TEETIABT ALC0R0L8. 

PHEimJC, AMOHOI, Ckrlolic Acid, Fhenylic Acid. 

CgH^Ho or PhHo. 

Molecular weight ea94. Molecular volume \ 1 L 1 litre of 
pheni/lic alcohol vapottr weighs 47 criths, Sji, gr, 1*065 at 
18°. Fuses at 34°. Boils at 188^. 

Occurrence. — In coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse. 



ii 
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JPreparation. — 1. By the distillation of salicylic acid with 
baryta or lime : — 

{c?d? - OAHo + CO, 

Salioylio Phenylio Carbonic 

acid. ftloohol. anhydride. 

2. It is also produced in the destructive distillation of nume- 
rous organic substances. 

8. Phenylic alcohol is formed when the vapour of ethylio 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compounds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
carbon, hydrogen, and oxygen, 

4. Phenylic alcohol is generated when aniline bydrochlorate 
is treated with potassic nitrite : — 

NPhHjCl + NOKo = PhHo + KCl + OH, + N,. 

Aniline Potassio Fhenjlio Potaiaio Water, 

bydrochlorate. nitrite. alcohoL chloride* 

Beaetions. — Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the following are examples : — 

^ Dichlorphenylic acid OeHjCljHo. 

Trichlorphenylic acid OJIfilJio, 

Pcrchlorphenylic acid OgCljIIo. 

Bromphenylic acid CoH^BrHo. 

NitrophenyUc acid OeH,(N^O,)Ho. 

Dinitrophenylic acid CgH3(N*03)j,Ho. 

Trinitrophenylic acid. (Ficrio 
acid.) OeH,(N^O,)3Ho. 

Amidodinitrophenylic acid. 
(Ficrcmic acid.).: OoH,(N"'H,)(N^O,),Ho. 
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CRESTLIC ALCOHOL. 

CgMeH^Ho. 
Soils at 204P, 

This alcohol is contained in creosote j it is isomeric with 
benzylic alcohol. 



CHAPTER IX. 

BIRTDBIC ALG0H0L8. 
Glycol or C„Hft»Hoa series. 



The following is a list of the glycols at present known, with 
their probable constitutional formulee : — 

Boiling-poiiitB. 

"PropyUc glycol... C,Tlfi, or {ch^^q^^ 188°-189°. 
ButyUc glycol ... C,H,Aorl§^™^ 183°-.184.^ 

Amylic glycol ... C,H, A or { g^gj^^ 177°. 

Methylic glycol has not been obtained. 

The existence of normal, secondary, &c, alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are generally considered to be secondary glycols, as 
shown in the above formulas. 

It wiU be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monohydric alcohols : the 
more complex substances boil at a lower temperature than 
the simpler ones. 



DERIVATIVES OF GIiYCOL. fl- 



GLTCOL, ETHTLIC GLTCOL, JSthylenio Alcohol 



{ 



OH,Ho 
CKHo- 



Molecular weight 8962. Molecular volume I 1 U 1 litre of 
ethylic glycol vapour weighs 31 criths, Sp, gr^ 1'125. 
Soih at IdT'-S. 

^Preparation, — ^Efchylenic dibromide is treated with argentix: 
acetate, and thus converted, into ethylenic diacetate *:--!- 

( ^. + ^'^'^ - { SI::8:gK + ^»'- 

Eihjlenio Argentic aoetate, Ethjrlerio diaoetate, Ai^entio 

dibromide. (Diaoetio gljcoL) bromide. 

The ethylenic diacetate is now acted upon by potassic hydrate, 
and yields potassic acetate and glycol : — 

fCH,.0-CMeO . oT^^^ fCH,Ho , ooMamrn 

i CH,'.O.CMeO + 2KHo = | ^^-^^^ + 20MeOKo. 

Ethjlenio diacetate. Fotaesio GI700L Fotassio acetate. 

fajdrate. 

Iteaotion8.--^\, Glycol is easily oxidized, the first product of 
its oxidation being glycollic acid : — 

fCH,Ho . n - /CH,Ho . o^ 

Glycol. Glycollic Water. 

acid. 

2. By further oxidation oxalic acid is formed : — 

{ g^S + o. - { §gl; + »^.- 

Glycol. Oxalic Water. 

acid. 

3. Potassic oxalate is produced by heating glycol and po- 
tassic hydrate together to 250° :— 

fCH,Ho , oTTTT^ _ fCOKo , ^ 

GlycoL Fotassio Fotassic 

hydrate. oxalate. 
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4. Treated with potassiom or sodium, the hydrogen of the 
bydroxyl ia glycol is replaced in two successive stages : — 



f CKNao 
tOH^Ho ' 

Monoflodio glycol. 



fCHJifao 
toa,Nao' 

Disodio gljcoL 



The following list contains some of the principal derivatives 
of glycol : — 

f CH,Ho 
tCH,Ho* 

Glycol. 



{ 
{ 



CH,Ho 
CH,C1 • 

Chlorhydrio 
glycol. 

CKEto 
CH,Br 

Bromethylio 
glycol. 



f CH,Eto 
\ OHjEto • 



Diethylio 
glycoL 



{ 



CBLHs 
Ctt,Hs* 

Bulphur glyooL 



fCILHo 
1 CH,Br 

Bromhydrio 
glycol. 

J CH,Eto 
1 CH,Ho • 

Hydrio etiiylio 
glycol. 



Ca,Br 

CTT 
3^»or/CH,Br 

CO I CHj-O-OMeO- 

Olyoollio 
aoetoWomide. 



ri 



rCKHo 

-^ or 

CO 
LCH3 



Monacetio 
glycol. 



{ 



CH^o 
CH,-0-CMeO' 



CO 



CH, ,„ f CH,-0-CMeO 

CH, °^ t OH,.0-CMeO' 

O 

CO 

Diaoetic glycoL 



< 
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CO 
O 

OH. 



or 



{ 



OK-0-CMeO 
CH,-0-OPrO • 



O 
CO 

LC(C,H.)H 

AoetoDntyrio glycol. 

FOLTETHTLENIC aLYCOLS, 

Fohfeihylenic Alcohols, 

These bodies are produced by beating ethylenic oxide with 
glycol in sealed tubes, and by other processes. They may be 
regarded as formed by the addition of ethylenic oxide to 
glycol. 

|0H, 
Diethylenic glycol ... ^ CH^ or 



OH^o 



CH,Ho 

r CIl,Ho 
OH, 
OH. 



OHBo 

O 
OH,Ho 



Triethylenic glycol ...-(, 



K 



Tetrethylenic glycol ■{ 



O 
OH, 

§^ 
OH,Ho 

r6H,Ho 
OH, 
OH, 


OH, 
OH, 
O 

S^ 
OH. 



fOH.Ho 
C,H, 

or ^ 0,H. 
O 
'^OH,Ho 



^OH,Ho 
0,H, 
O 

or i %^< 

C,H, 

t.OH,Ho 



O 
^OH,Ho 

Fentethylenic and hexethylenic glycols liave also beea 
formed. 
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CHAPTER X. 

BIRTDBIO ALGOROLS. 

Orcin op CnHgn-gHos series. 

Like the phenyl series, the prcin series of alcohols are the 
derivatives of benzol. The following alcohols belonging to this 
series have been described : — 

melting- 
point. 

Hydroquinone ^ rl77°'5 

' Eesorcin lOgH^HOj, ^ 99°0 

- ' Pypocatechin or Oxyphenol J 1 111°'6 

Orcin 1 o liT tttt / ^^'^ 
Homopyrocatechin J W^JMeMaHo, | 

Betaorcin CgMejHjjHoa 



Theory indicates the existence of four isomeric bodies of the 
formula Cgll^HOj, the graphic formulae of which are thus 
written :— 

(1) (2) 

H— 0—0=0— 0—H H— 0=0— H 



H— 0— H H— 0- H 

II II 11 II 

H— 0— 0— H H— 0—0— 0—0— H 

(3) (4) 

H— 0=0— H H— 0-0=0— H 

H— 0— 0— 0— H H— 0— 0— H 

II II II II 

H~C— 0— H H— 0— 0-H 

The isomerism of 1, 3, and 4, and of 2, 3, and 4 is caused 
(symbolically speaking) by the different distances from each 
other of the two atoms of carbon with whiph the two semi- 
xaolecules of hydrozyl are combined ; in 1 and 2 these carbon 
atoms are neighbours, in 4 they are separated by one inter- 
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veiling atom of carbon, and in 8 by two intervening aton\8 of 
carbon^ The isomerism of I^os. 1 and 2 is not iequally obvious ; 
indeed it has been overlooked by Kekule, who considers that 
three modifications only of the formula CgH^Ho, are possible, 
unless the six atoms of hydrogen in benzol be not regarded as 
of equal value. An inspection of the above graphic formulse 
shows, however, that a fourth modification is possible, depend- 
ent upon the mode in which the two neighbouring atoms of 
hydrozylic carbon are- joined together. In No. 1 these atoms 
are united by two bonds, in No. 2 by only one bond. 

It is at present impossible to assign to each of the three 
known isomers of CgH^Ho.^ its own constitutional formula. 
The same is the case also with the remaining alcohols of this 
series. 



HTDROaUINONE. 

OeH.Ho,. 

Preparation. — 1. By treating arbutin with emulsin, or by 
boiling it with dilute sulphuric acid:— 

C,,H,.0, + OH, = C,H,Ho, + CeH„0,. 

Arbatin« Hydroquinone. O-luoose. 

2. By the action of sulphurous acid Upon a solution of 
quinone. 

3. By the destructive distillation of quinio acid. 
Beactioru. — ^1. Passed in vapour through a red-hot tube, it 

is decomposed into quinone and hydrogen; — 

C.H,Ho, = OAo} + H,. 

Hydroquinone. Quinone. 

2. By many oxidising agents it is transformed into quinone: — 
C,H,Ho, + O = C,H,g} + OH,. 

Hydroquinone. Quinone. 
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3. By the action of cUorine or a mixture of potassic chlorate 
and hydrochloric acid, it is converted into perchloro-qoinone 
(chloranil) : — 

OeH,Ho, + 3C1, = C,Cl,g} + 6Ha 

Hjdroquinone, Chloranil. 

ORCIN. 

CgMeHjHOj. 
MelU at 86°. BoiU at about 290^ 

Occurrence. — In certain lichens^ such as Lecanora tartarea^ 
Maccella tinctorial and Variolaria orcina, 

Preparation. — By the dry distillation of orsellinic acid, or 
by boiling this acid with powerful bases : — 

C«H«0, = OeMeH3Ho, + 00,. 

Orsellinio aoid. Orcm. 

Many other bodies which are obtained from lichens, such as 
lecanoric acid, erythrin, and picroerythrin, yield orcin under 
similar treatment ; but all these compounds give first orsellinic 
acid, which then breaks up into orcin and carbonic anhydride ; 
thus : — 



CifiHiPT 


+ 


OH, 


= 2C.H.0,. 


Leoanorio acid. 






Grsellioio acid. 


CjoHjjOio 


+ 


20H, 


= c,H,A + a^H^o,. 


Erythrio add. 






Eiyihrite. Orsellinio add. 


C.,H„0, 


+ 


OH, 


= C.H,.0, + C.H,0,. 


Picroerythrin. 






Srythrite. OrBellinio add. 



BeactioM, — 1. With chlorine, bromine, iodine, and nitric 
acid, orcin gives the following substitution products : — 

Helting- 

Monobromorcin OgMeHaBrHOjj 135** 

Tribromorcin CeMeBr^Ho, 103° 

Trichlororcin 03MeCl3Ho, 169° 



Triiodorcin OgMeljHoa 

Trinitro-orcinic acid ... OeMe(NO,)3Ho, 162* 
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2. By treatment with ammonia in the presence of free 
Oxygen it yields orcein, the colouring-matter of Archil and 
Oudhear, the reaction being probably the following : — 

0,MeH3Ho, + NH, + O3 = C,MeH.(N^OJHo? + 20H,. 

Oroin. Oroein. 

8. Heated with an excess of concentrated sulphuric acid to 
a temperature of from 60® to 80°, orcin yields orcin-disulphuric 
aoid (dihydric orcinic disulphate) : — 

2SO,Ho, + C.MeH,Ho, = so,Ho(°«^«^»^»)" + ^^^- 

Solphtirio Orcin. Dihrdrio orcinio 

Aoid* cusolphate. 



CHAPTER XI. 

TEIHTDBIO ALCOHOLS, 

Glycerin or CnHjn.iHog series. 

These alcohols contain three semimolecules of hydroxyl 
united with three different atoms of carbon ; consequently the 
lowest term of the series contains three atoms of carbon. 

Only two of these alcohols have been hitherto obtained :^— 



H H H 

CH,Ho H— C— C— C— H 

CHHo. 

CH,Ho 

H H H 



Glycerin 1 9H?o . A A J 
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H-C— H 



Amylgiycerin ...-{ CEtHo? I j j 



H 

fOH,Ho H H— C-H H 

-^ CEtHo? I I j 

[ CH,Ho H— C C -C— H 

A A i' 
i A k 

The constitution of amylgiycerin is not at present established, 
its formula may possibly be 

fCEtHHo 
< CHHo . 
[ CH,Ho 

The action of oxidizing agents on amylgiycerin will pro- 
bably throw light upon its internal structure. ' 



GLTCEfinr. 

f OH,Ho 
< CHHo . 
ICH^Ho 

, Sp. yr. qf liquid at 15*^*4 is 1*26. Cryttallizes at low tempera' 
tures, and retnaiiit tolid afferwardi at ordinary tetnptratuna. 
jBdil* in ixtcUO at 179°'6) 

- Soureet. — Most abimal and vegetable fats consist of mixtures 
of the glycerin ethereal salts of the fatty, and of the oleic, se- 
ries of acids. Glycerin is liberated from these by water at high 
temperatures, or by bases giving salts insoluble in water:— 



CH,^0-e(C,^JO 

CH -0-C(C„H„)0+30H, 

CH,.0-C(C„H3.)0 



f CH„Ho 



^°Mc&- 



^OH,Ho 



Btearin. Water* Glyoerin. Stearic add. 
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Seiation of Glycerin to Jkopropylic Mcohol. 

Bj tbe action of bydriodic acid, glycerin is converted into 
isopropylid iodide : — 

fOKHo fOH. 

-^CHHo + SHI = -^CHI + 21, + 80H,. 

|.OH,Ho [OH, 

Glycerin. Hydriodio Isopropylio Water* 

- . acid. ■ • iodide. . • . . ..- 

Selation of Glycerin to Jlh/lic JJcoTiol. 

'Wlien diphosphorous tetriodide is brought into contact 
'with glycerin, an energetic reaction ensues, allylic iodide being 
formed :— 

fCH,Ho ,fCfl, 

CHH6 =i 2 ]OH + 2POHHo, + I,. 
OH,Ho {OHJ 

DiphogphoroQA Glycerin. All^Uo Phosphorons 

• tetriodide. - iodide. acid. 



VW + 2 



Behtiona of Olycerin to Fropylic Olycoh 

The B^verftl iseinimolecules of hydroxyl in glycerin are 
tiapabie of being replaced by chlorinej bromine, &e. \ thus, 
by tbe action of Lydrochloric acid on glycerin, one semimole- 
cule of hydroxyl is displaced by chlorine, monochlorhydrin 
being formed : — 

rCH,Ho fCH,Cl 

JCHHo + HCl =x JOHHo + OH-. 

i CH,Ho t CH,Ho 

Glycerin. Hydroclilorio Monochlor- Water. 

add. hydrin. 

Monochlorhydrin is identical with monochlorinated prdpyliis 
glycol:— 

• lcH,Ho lOH^Ho 

Monochlorhydrin. Monochlorinated 

propylic glyeoL 
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By the action of sodium amalgam and water, monocUorinated 
propylic glycol is readily converted into propylic glycol : — 

fC(CH.Cl)HHo . H _ fO(CH.)HHQ , „^ 

Ifonoohlorinated Fropylio Hydrochloric 

propylic glyooL glycol. acid. 



Eelatums of Olycerin to the Trihydrie Acids — Glyceric Acid 

and Tartronic Acid, 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 

rCH,Ho fCH,Ho 

JCHHo + 0, = ^CHHo + OH,. 

[CH,Ho iCOHo 

Glycerin. Glyceric Water. 

add. 

A second semimolecule of oxatyl has not been produced in 
glycerin, so as to convert the latter into a dibasic acid ; but 
there can be little doubt that tartronic acid, which is formed 
by the spontaneous decomposition of nitrotartaric acid, is the 
acid in question, and that it has the following constitution : — 

r COHo 
\ CHHo. 
[ COHo 

Tartronic add. 



Belations of Glycerin to Acrylic Acid. 

By the action of substances having an afiBnity for water, 
such as phosphoric anhydride or sulphuric acid, glycerin is con- 
verted into acrolein : — 

CH^° -. 20TT J. /CMe"H 

Glycerin. Water. Acrolein. 
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By the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 

rCMe"H , ^ fCMe"H 

ICOH + ^ = jCOHo • 

Acrolein. Acrylic acid. 

Both these reactions are accomplished simultaneously when 
glycerin is added to fused potasaic hydrate : — • 

{§i|{ ■*• ^^^ == {col? + H, + 20H,. 

Olycerin. Potasaio Fotassio Water. 

hydrate. acrylate. 



CHAPTER XII. 
TEIRTDBIO ALCOHOLS, 
Pyrogallic or C^^^^o^ series. 

Like the phenyl and orcin series, these alcohols are the direct 
derivatives of benzol. 

The following bodies are believed to belong to this series, 
whilst several other compounds not yet sufficiently known will 
probably soon be added to it : — 

Melting-point. 

Pyrogallin ^ . r 115°. 

Phloroglucin ICgHgHOj -^220°. 



Phenomalic acid ? ... . 



o 
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Theory points to four isomeric modifications of the formula 
OeHgHo,, viz. :— 

H— C= C— O— H H— C=C— 0— H 



II II 

H— C C— O— H H— C— O— H 

I! II 



H— C— C— 0— H H— 0— C— O-H 

H— C=C— 0— H H— O— C=C— 0— H 

H— 0— C C— H H— C C— H 

li 



H— C— C— 0— H H— C— C— 0— H 

It is at present impossible to assign any of these formulae to 
the above enumerated three members of this series of alcohols. 



PYROaALLIN, FyrogalUc Acid. 

CgHjHOg. 

Melts at 115^« SMimes mtk partial decomposition at 210^. 

Freparation. — 1. By heating gallic acid to 210°-220° in a 
stream of carbonic anhydride : — 

{%&' = C^II.Ho, + CO, 

G-allio aoid. Fyrogallin. 

2. By heating gallic acid with twice or thrice its weight of 
water to 200°-210° for half an hour in a Papin's digester. 
The reaction is the same as in No. 1. 

Reactions, — ^1. Does not neutralize alkalies or form true salts. 

2. Passed over heated zinc, it is transformed into benzol : — 

CeH3Ho3 4. 3Zn « C^H^ + 3ZnO. 

Fyrogallin. BenioL 



FOLYHTDRIC ALCOHOLS. 
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3. Bromine converts pyrogallin into tribromopyrogallin:- 



C,H3Ho, + 

FyrogaUin. 



3Br, = C.Br3Ho, 

Tribromopjrro- 
gallin. 



H- 3HBr. 



4. Heated to 260°, it yields water and metagallic acid : — 

OeHaHOa = CeHsOHo + OH,. 

FyrogaUin. Metogallio 

aoio. 

5. Ammonia in the presence of air forms with it pyrogallein, 
to which the formula CigHjoWgOio has been assigned. 

6. Concentrated boiling solution of caustic potash decom- 
poses it into acetic, oxalic, and carbonic acids. 

7. An alkaline solution of pyrogallin rapidly absorbs free 
oxygen, forming a dark-coloured body, together with acetic and 
carbonic acids and a small quantity of carbonic oxide. 



OTREE FOLTRTBBIC ALGOROLS. 

„ JEkytlirite (Eryihroglucin, ErytJiromcmnite, JBhydte, J^seudov' 
cin) is a tetrahydric alcohol ; and the acid corresponding to it is 
tartaric acid* Citric acid may also be considered as derived 
from an unknown alcohol of this series. A glance at the for- 
mulsB of these alcohols and acids will show their relations : — 



rCH,Ho 
CHHo 
CHHo* 
CH,Ho 

Erythrite. 



^COHo 
CHHo 
OHHo- 
OOHo 

Tartario aoid. 



(CHHo(CH,Ho) fCHHo(COHo) 
■^CH(CH,Ho) . -^GH(COHo) . 
lOH,(CH,Ho) tCH,(COHo) 



Tetrahydric alcohol 
(unknown). 



Citric add. 



"When reduced by hydriodic acid, erythrite yields butylic 
iodide : — 



rCH,Ho 
CHHo 
CHHo 
CH,Ho 

Erythrite. 



+ 7HI = lOH, -f 



Hydriodic 
aoid. 



Water. 



rcH, 

CH 

CH, 
CH,I 

Buty^lio 
iodide. 



+ 3L. 



g2 



84 



THE ALCOHOLS, 



Finite and Quereite are belieyed to be pentahydric alcohols ; 
and aposorbic acid is probably a derivative of one of them. :— 



rCH^Ho 

CHHo 

<^CHHo. 

ICHHo 

LCH-Ho 

Pentanydrio 
alcohol. 



i 



''COHo 
CHHo 
OHHo. 
CHHo 
COHo 

Apoflorbic 
acid. 



\. 



Mannite is a hexahydric alcohol. There are three acids cor- 
responding to this alcohol : these are saccharic and mucic acids, 
which are isomeric, and mannitic acid : — 



^CH^Ho 

CHHo 

, CHHo 

^ CHHo* 

CHHo 

CH^ffo 

Mannite. 



< 



\ 



^COHo 
CHHo 
CHHo 
CHHo- 
I CHHo 
i^COHo 

Saooharic 
or mucio add. 



< 



^CH^Ho 
CHHo 
CHHo 
CHHo- 
CHHo 

i^COHo 

Ifannitio 
acid. 



Mannite is closely related. to glucose, the latter containing 
two atoms of hydrogen less than the former. Glucose can, in 
fact, be converted into mannite by the action of nascent hy- 
drogen : — 



CHHo 
CHHo 

"\CRo + 
CHHo 



H, = 



< 



{ 



CH,Ho 

Glacose. 



^CH,Ho 
CHHo 
CHHo 
CHHo' 
CHHo 
CH,Ho 

Mannite. 



Alcohols of high hydricity possess a sweet taste, in fact with 
increase of hydricity the alcohols gradually pass into saccha- 
rine substances or sugars. 
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CHAPTER XIII. 

THE ETHEBS. 

These compounds are the oxides of the positive radicals. 

Each series of alcohols produces a series of ethers ; we have 
thus ethers of the monohjdric, dihydric, and trihydric alcohols, 
of which the following are the general formula : — 

Methyl Yinyl Phenyl 

series. series. , series. 

Ethers of the monohydric alcohols -< -j <0 

Ethers of the dihydric alcohols . . . C„H2„0. 



Ethers of the trihydric alcohols ^ C„H2„_i-0-H2„-.iC» ?► . 



ETSEBS OF THE MONOSTDBIC ALCOHOLS. 

These bodies are derived from the alcohols by the substi- 
tution of the hydroxylic hydrogen contained in the latter by 
a positive monad radical. 

METHYL SERIES. 
The following list contains some of the ethers of this series : — 



Metbylio ether 



CH3 



Bmling- 
pointa. 



Metbylioetbylioether -J O or 



CA 



Etlijlic ether -^ O or 



Metbylic atnylic ether 



rcHa 

O or 



O or OMe. -.2I«. 

CH3 

CH. 

or OMeEt +11^. 

CMeH^ 

CMeHg 

O or OEt. 35°'6. 



CMeH, 

CH3 

O or OMeAy 92<'. 
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OA 



Ethylio butylic ether, -j O or 



fCMeH, 



IS 



or OEtBu 



Boiling 
points. 

80°?. 



Ethylio {unylic etiher. 



Butyio ether 



Amylio ether 



ran, 

O or 

OA 

O or 

CA - 

O or 



CPrHa 
rOMeH, 



18 



CBuHj 

OPrHj 
O 

OPrHa 

CBuHj 

O 

CBuH, 



or .OEtAy 112'', 



or OBu« 



or OAya 



104°, 



176°. 



Formation. — 1. By the action of sulphuric acid upon the 
C„H2,^iHo alcohols. Tha process may be divided into the two 
following stages : — 

an^^iHo + SO,Ho, = SO,Ho(C„H2„+iO) + OH,. 

Solpho-add. 



Alcohol. 



Bnlphurio 
add. 



Water. 



f CnH2»+i 

SO,Ho(C„H2«+iO) + C„H2„+iHo = ^ + SO,Ho,. 



Bolpho-acid. 



Alcohol. 



£ther. 



Bolphuric 
acid. 



2, By conrerting the CnH2„^.iHo alcohols into sodium or 
potassium compounds, and then acting upon the latter with 
the iodides of the monad positive radicals : — 

2C„H2„+iHo 4- Na, = 2C„H2„+iNao + H,. 

Alcohol. Sodic alcohol. 

CH^jNao + C,Hj^,I = jo + Nal. 

SodioalcohoL Iodide. Ether. Sodic iodide. 

Beaction, — The ethers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and 
then distilling, with water, the sulpho-acid so produced : — 

C'„H2»+i 

O , + 2SO,Ho, = 2SO,Ho(C,Ha^iO) + OH,. 

C'nH2»+l 

Ether. Snlphnric acid. Snlpho-acid. Water. 

SO,Ho(aHaH.iO) + OH, = SO,Ho, + CHan-xHo. 

Sulpho-acid. Water. Sulphuric acid. AlcohoL 



O OP OMe,. 
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KETHTLIC ETHEB, Metlylio Oxide, 

OH, 

Molecular weight =46. Molecular volume rTl * 1 litre of 
methylic ether vapour weighs 23 criths. Boils at —21°. 

Preparation, — Bj heating methylic alcohol with sulphuric 
acid pr boric anhydride : — 

CH,Ho + SO,Ho, =: SO,Ho(CH,0) + OH,; 

Kethylio Salphnrio Snlphomethjlio Water 

alcohol. aoid. acid. 

SO,Ho(CH,0) + CH,Ho = -^ O + SO,Ho,. 

I OH, 

SulphamethjUo Methylio Siethylic Balphnrio 

aoid. alcohol. ether. aoid. 

Reaction, — ^Methylic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 



rcH.ci 


■ CHCl, 


'CCI3 


■ ; 


; 


- . 


. OH,Cl 


. OHCl, 


[cci. 


Dinhlnrinated T 


etraohlorinated 


Ferchlorinated 


methylio ether. 


methylic ether. 


methylic ether. 



ETHTUC ETHEB, Ethylic Oxide, Ether, Sulphuric Eth^. 

f CMeH, 
O or OEta. 

CMeR 






'a 



Molecular weight =74. Molecular volume ri~\ . 1 litre of 
ether vapour weighs 37 criths. Sp, gr. =0*723. Fuses at 
-3r. Boils at SS'^-e. 

JPreparation. — A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of from 140° to 145% and 
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a constant stream of alcohol is allowed to flow into the mixture* 
Ether and water distil over together. Two reactions take place 
successively : in the first, the alcohol is converted into sulpho- 
vinic acid ; and in the second the sulphovinic acid is converted by 
a further quantity of alcohol into sulphuric acid and ether : — 

« 

EtHo + SO^Ho, = SOjEtoHo -f OH,. 

AloohoL Bolphnrio add. Solphoyinio acid. Water. 

SO,EtoHo + EtHo « OEt, + SO,Ho,. 

SoIphoTinio add. Alcohol. Ether. Bulphorio acid. 

In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two molecules of alcohol by sulphuric acid. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly, by the fact that, if sulphamylic acid be 
acted upon by ethylic alcohol, the mixed ethylic amylic ether is 
formed : — 



SO,AyoHo + EtHo = SO^fio, + OAyEt. 

Ethylio Sulphuric Ethylic am 

aloonol. add. ether. 



Sulphamylic acid. Ethylio Sulphuric Ethylic amylic 

[Miol. 



Reactions. — 1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid : — 

OEt, + 2SO,Ho3 = 2SO,EtoHo + OH,. 

Etiiylio ether. Sulphuric add. Sulphovinic addo Water. 

2. Hot nitric acid converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

3. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid :— 



r 
CH 



CH, 



Ethylic ether. Acetic acid. Water. 
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ETHTLIC SULPHIDE, Sulphur Mhet. 

{ CMeH, 

\ S or SEfc,. 

[ CMeH, 

Molecular weight =90. Molecular volume Q^. 1 litre of 
ethylic sulphide vapour weighs 45 criths. Soils at 73®. 
Preparation, — By adding ethylic chloride to potassic sul- 
phide, and distilling : — 

rOfeHj 
20MeH,Cl + SK, = ^ S + 2KC1. 

[CMeH, 

Bthylic cliloride. Potassio Ethjlic sulphide. Potassio 

inlphide. chloride. 

Reactions, — 1. Ethylic sulphide combines directly with 
ethylic iodide, forming 

Sulphurous triethy lo-iodide SEt,!. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 

SEtjI + AgHo = SEt^Ho + Agl. 

Solphurons Argentic Bnlphuroos Areentio 

triethylo- hydrate. triethylo- iooide. 

iodide. hydrate. 

2. By cold nitric acid it is converted into sulphurous dieth- 
oxide (SOEtg), which by more powerful oxidizing agents is 
transformed into diethylsulphon (sulphuric diethoxide), SO,Etj, 
which melts at 70'' and boils at 248"". 



IJTHUSS OF THE VINYL AND PREJUnL SERIES. 

f C3H, 

Of the ethers of the vinyl series, allylic ether, < O , 

alone is known. It boils at 82^. 

'O.H, 
O ^ and benzylic 



In the phenyl series, phenylic ether, 
ether, -< .have been obtained. 




C.H, 
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By digesting benzylic chloride with potassic phenylate, a 
mixed ether, phenyl-benzyl ether, is formed:— 



{ 



OH.01 



+ O.H.Ko = KCl + 




C.H. 



Benzylio Fotassio Potassio Phenjl-benayl 

oblonde. phenylate* chloride. ether. 



UTREES OF THE DIHYDSIO ALCOHOLS. 

Of these the three following are known, but the first only 
has been carefully studied : — 

BoiUn^points. 

Ethylenic oxide, C,H,0 13°-5. 

Propylenic oxide, C,HeO 35^0. 

Amylenic oxide, CgHjoO 95°0. 



EIHTLENIC OZIDE, Ethylenic Ether. 

C,H,0 = {g|0. 

Molecular weight =44. Molecular volume | I 1 . X litre of 
ethylenic oxide vapour weighs 22 criths, Boils at 13°'5, 

Preparation, — ^Ethylenic oxide is obtained from glycol by 
converting the latter, first into ethylenic chlorhydrate, or 
chlorhydric glycol, by the action of hydrochloric acid, and 
subsequently treating the compound thus formed with potassic 
hydrate : — 

G-lycoI. Hjrdroohlo- Ethjlenio Water, 

rio acid. chlorhydrate. 

{SS:^ + KHo = {gi»0 + OH, + KCl. 

Ethylenic Potassio Ethjrlenio Water. Fotaouo 

chlorhydrate. hydrate. oxide. chloride. 



( 
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J«0mtfr9.^-Etbylenio oxide is isomerio with yinylio aloohol 
and acetic aldehyde. The nature of this isomerism is seen in 
the following formnlaa :-— 





H 

H C-s 

1 c) 

H— C-^* 
H 






H 

-k 

-cJ J 


0^0 
CH, • 

Ethylenio 
oxide. 


" CH, 
CHHo- 

Vinyliq 
sloohoL 


H- 
H- 






' TT 

1 








OOH- 


H-C-H 








Acetic aldehyde, 


H— 0=0 







Beactions, — 1. Ethylenio oxide unites with nascent hydrogen, 
forming alcohol : — 

[ol? + H. = {?|ho- 

Ethjrlenio Aloohol. 

oxide. 

2. It also unites with oxygen, forming glycollic acid : — 

|CH,0 + 02 = jcofao' 

Btiiylenic Gljoollio 

oxide. aoid. 

« 

3. It ia tk baaic eubstaaoe, wd uiiites directly with Aoids :— ^ 

fCH^ 4. nn = fCH,Cl 

Ethylenio Hydro- Ethylenio 

oxide. cnlorio chlorhydrate 

aoid. or chlorhydric 

Rlyool. 

4. Ethylenio oxide precipitates as hydrates many metals from 



{ 
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fiolutions of ttieir salts, such as the ferric, aluminic, cupric, and 
magnesic hydrates :— 

2 {g]^0 + MgCl, + 20H, = 2 {g^g, + MgHo,. 

Ethjrlenio Magneaio Water. Efchrlenio Maffnesio 

oxide. chloride. ohlornydrate. hydrate, 

5. It also combines directly with water, reproducing gly- 
col:- 

Ethjrlenio Water. OljcoL 

oxide. 

These reactions exhibit tf wide difference between the beha- 
viour of ethylenic ether and that of ethylic ether. This dif- 
ference arises from the fact, that in ethylic ether the ethyl 
semimolecules are held together by the oxygen only, whereas in 
ethylenic ether the linking of the two groups of CH^ does not 
depend on the oxygen atom alone, as will be seen from the 
following formul© : — 

H H H H 

Ethylic ether H— C— C— 0— G-C— H == ^ O • 

H H H H 
H H 

Ethylenic ether H-C— C^H = jSS^O. 

On account of this peculiarity of constitution, ethylenic oxide 
can. combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethylic ether. 



OA 



ETREBS OF THE TBIHTDBIO ALCOHOLS. 
Of theae only one is known, viz. :— 
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OLTCTUC ETHEB, Qlyeylie Oxide. 
H H 



H— C— a— Q— H 

I I fOH,-0.H,C 

H— C— 0— C— H ste \ OH -0-H C 

I I OH,-0.H,C 

H— C— 0— C— H 

\ I 

H H 

Preparation. — 'By the action of potassic hydrate on so-called 
iodhydrin:^ 

^CH, 



< 



CH, r CH,-0-H,C 

+ KHo = KI + OH, + •! OH-O-HO }■ . 

OH, iOH,.0-H,0 

OKI 
l^OH,Ho 

lodhjdrin. Pobadsio Fotassio Water. GlycjUc ether, 

hydrate. iodide. 



CHAPTER XIV. 



THE HALOID ETHEBS. 



Each series of positive radicals forma its own series of haloid 
ethers. 

These ethers are produced by the substitution of hydroxyl ia 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 



Saloid Ethers of the Monad Positive Radicals, 
As these radicals can only unite with one semimolecule of 
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h jdrozyl, they can only form one haloid ether. Each series of 
radicals therefore forms one series of haloid ethers : — 

I. Haloid ethers of the form C»UaN+iCl. 

II» M 9) 99 J> C)„H2^_iCL 

HL ^ „ ;, 91 CnHan-yCL 

The following will serve as examples of the three series : — 

H H H 

Propylic iodide... CjHJ i i | 

or H— c_c_C— I 

C(C,H,)HJ. I I I 

H 

Allylic iodide ... CgHgl i 

or i_c_c=C— H 

C(C,H3)HJ. I I i 

il M Jtl 

H'-C=C— H 

PhenyUc iodide... C.HJ H— C— I 

II II 
H— C— Cj-H 

» 

Saloid Hikers of the Dyad Positive BadicaU, 

As the dihydric alcohols contain two semimolecules of hy- 
droxyl, it follows that there are two classes of haloid ethers 
derivable from them. The first is formed by the substitution 
of one of the semimolecules of hydroxyl by chlorine, bromine, 
&c., and the second by the like displacement of both semi-^ 
molecules of hydroxyl :— 

I. Haloid ethers of the form C„H2„H6C1. 
ll» » » » » CftHaiClj. 

The following examples will suffice to illustrate the consti- 
tution of both these classes of haloid ethers : — 
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Chlorliydric glycol or ethy- H H 

lenic chlorhydrate C^H^HoCl I I 

H — C — C— H 



OP 

fCRMo 



ICH,C1 • I 

H 

Ethylenic dichloride ,. Cja.Cl, H H 

OP 



,_^^ H— C-C-H 
r OH,Cl I I 



Saloid Ethers of the Triad Positive MadicaU. 

Three classes of haloid ethers are derived &om the trihydric 
alcohols by the successive substitution of the three semi* 
molecules of hydroxyl contained in these alcohols by chlorine, 
bromine, &c. A fourth class also exists, which stands inter- 
mediate between the ethers and the haloid ethers, and which 
is formed by the substitution of one of the semimolecules of 
hydroxyl in the alcohol by a monad negative radical, such as 
chlorine, bromine, or cyanogen, and the remaining two semi- 
molecules of hydroxyl by a dyad oxygen : — 

I. Haloid ethers of the form C„H2„_iH0aCl. 

II. „ „ „ CaHg^^iHoClj. 

III. „ „ „ 0„H2»_iCl3. 

IV. „ „ „ CnHa»_lOCl. 

The following are examples of each of these classes : — 

H H H 

f CH,Ho H-C— C— C— H 

Chlorhydrin. < CHCl I I I 

iCH,Ho . O CI 

H H 
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H H H 

fCWCl H— C— C— C— H 

Diclilorhydrin...-^ CHHo. I | I 

[CH.C1 CI CI 

I 
H 

H H H . 

(CH^Cl I I I 

Trichlorhydrin ...\ CHCl . H— C— C— C— H 

iOH^Cl 



HydrooUoric 



CI CI CI 
H H H 



ydroohlonc fCH-Cl | I I 

glycide or epij CH q . H— C— C C— H 

chlorhydrin ... ICH, | I | 



BALOID ETREBS OF TEE MONAD POSITIVE 

MADICALS. 

Preparation. — These ethers axe produced by the following 
general reactions : — 

1. By the action of the hydracids upon the alcohols : — ■ 
C„H».+iHo + HCl =. C„Hj^,Cl + OH,, 

Alcohol, Hydrochloric Haloid ether. Water. 

add. 

2. By the action of phosphorous chloride on the alcohols: — 
8C„Hj^,Ho + PCI3 = 3C,H,»4.iCl + POHHo,. 

AloohoL Fhosphoroas Haloid ether. FhosphorooB 

chloride. acid. 

3. By the action of chlorine on the hydrides of the radi- 
cals : — 

ChH2„^.iH + Cla s= C^Han+iCl + HCl. 

Hydride. Haloid ether. Hydrochloric 

acid. 
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It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine. 

These reactions apply equally to the C^Hsn-i and CnH2n-7 
series. 

For the preparation of the nitriles, which are isomeric with 
the cyanides of the radicals, two special reactions (Nos. 1 and 2) 
are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical witb potassic cyanide : — 

SO,Ko(C„H^xO) + KCj = SO^Ko, + C,H,^iCy. 

Potassic snlphate of the Fotassio Fotassio Abnormal oyanide 

radical. cyanide. sulphate. or nitrile. 



2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride, when the abnormal cyanides 
of the positive radicals which they contain, or nitriles, are pro- 
duced : — 

{cfe.O) + 2P=0, = {g«j^^+» + 4PO,Ho. 

Ammoniiun Phosphoric Abnormal cyanide Metaphosphorio 

salt. anhydride. or nitrile. acid. 

3. By the action of chloroform on an amine in the presence 
of an alcoholic solution of potassic hydrate, a normal cyanide is 
produced. These cyanides are isomeric with those obtained 
by the two previous processes, and appear to contain nitrogen 
in the pentad condition : — 



|™«+^ + OH€l3 = 3HC1 + I 



NC 



Amine. Chloroform. Hydrochloric , Cyanide. 

add. 

Reactions, — 1. Treated with alcoholic solution of potash, 
most of the haloid ethers of the CnH2,^.i series, except the cya- 
nides, are reconverted into alcohols : — 

C„H2„+iCl + KHo = C„H2^iHo + KCl. 

Haloid ether. Potassic Alcohol. Potassic 

hydrate. chloride. 

2. Iihe nitriles, or abnormal cyanides, under similar circum- 
VOL. n. H 
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stances are converted into potassic salts of the acids which 
contain the positive radical of the cyanide : — 

{g»j^?+i + KHo + OH, = {g-jfji + NH,. 

Abnormal Fotoasio Water. Fotaaaio Ammonia* 

cyanide. hydrate. salt. 

3. The nitriles or abnormal cyanides when submitted to the 
action of acids yield an ammonic salt and a fatty acid : — 

{g^» 4 HCl + 20H, = NH.Cl + {%'^'. 

iN'itrile. Hydrochlorio Water. Ammonio Eattyadd. 

acid. chloride. 

4. The normal cyanides when acted on by acids behave like 
hydrocyanic acid (see p. 28), producing formic acid and the 
hydrochlorate of an amine : — 

{ NC '"""' + ^^1 + 20H, = I g^g^ + NCCH^+OHsCl. 

Cyanide. Hydrochlorio Water. Formio Hydrochlorate 

acid. acid. of amine. 

This reaction appears to take place in three stages ; and in 
the case of phenylic cyanide the intermediate compounds have 
been obtained : — 

g-J' + 20H, = {goH^ + N,(CH)"'(C,H.),H. 

Phen^lio Water. Formio Formyl-diphenyl-diamine. 

cyamde. acid. 



{ 



N.(OH)"(CA)^ + OH. = (§5oH)H + {.._, 

Formyl-diphenyl-diamine. Water. Phenyl formamide. Phenylamine. 



NH.- 



tN(COH)H + "^» - \NH, + jCOHo- 

Phenyl formamide. Water. Phenylamine. Formic add. 

5. When the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal : — 

2aH^+iI + 2Zn = Zn(aH,^0. + Znl„ 

Iodide. Oi^no-zino Zincic 

oomponnd. iodide. 
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or 



2* 



Iodide. Free Zindo 

radical. iodide. 

6. When the iodides are submitted to the action of sodic 
ethjlate, a mixed ether (or a simple ether if «=2) is formed: — 

C,H,Nao + C^Hj^iI « ^ O + Nal. 

Sodio Iodide. Bther. 

ethylate. 

7. The haloid ethers of the monad positive radicals are the 
representatives of the hydracids of mineral chemistry, and 
unite directly with ammonia, producing salts which, when treated 
with potassic hydrate, yield compound ammonias containing the 
basylous radical of the haloid ether in the placef of one atom of 
hydrogen : 

NH3 + EtI « NHgEtl. 

Ammonia. Eth^Iio Eih^rlammonic 

iodide. iodide. 

NH.'Btl + KHo = NEtH, + KI + OH,, 

Ethylammonio Potasdo Ethylamine. Fotaaedo Water, 

iodide. hydrate. iodide. 

HETHTLIC GBXOBIDE. 

CH,C1 or MeCl. 

Molecular weight =50*5. Molecular volume FTl . 1 litre of 
methjflic chloride vapour weighs 25*25 eriths. Boils at 
-21°. 

Preparation, — By heating together sodic chloride, methylic 
alcohol, and sulphuric acid : — 

SO^Hoa + MeHo = SOaMeoHo + OH,. 

Snlphurio ICethylio Sulphomefliylio Water. 

acid. alcohol. add. 

SO,MeoHo + NaCl = MeCl + SO^HoNao. 

Bnlphomethylio Sodio Methylic Hydrioeodic 

add. chloride. chloride. sulphate. 

h2 
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Beaction.'^'By tlie action of cUorine, methylic chloride pro- 
duces three substitution derivatives : — 

Boiling- 
point. 

Monochlorinated methylic chloride, CHjClj. 31° 
Dichlorinated „ „ CHCI3. 60°-8 

Trichlorinated „ „ OCl,. 78^ 



)0 



Chloroform, acted on by powdered zinc and a solution of 
ammonia, produces methylenic dichloride, boiling between 
40° and 42°. It seems to differ from monochlorinated methylic 
chloride, which is said to boil at 31^ 



CmiOROFOEM, Dichlorinated Metlylic Chloride. 

CHCI3. 

Molecular weight =119*5. Molecidar volume fTI ' 1 ^^tre of 
chloroform vapour weighs 59*75 criths, Sp. gr. 1*48. Boils 
at 60°-8. 

JPreparation. — This compound is manufactured in large 
quantities by heating alcohol with a solution of calcic chloro- 
hypochlorite {chloride of lime) . It may also be made by treat- 
ing methylic alcohol in the same manner. Por the reaction 
see p. 57. 

Beactions. — 1. Chloroform is transformed into potassic for- 
mate by boiling with alcoholic potash : — 

CHCI3 + 4K:Ho = CHOKo + 3KC1 + 20H,. 

Chlorofona. Potassio Fotaasio Fotaasio Water. 

hydrate. fonnate. chloride. 

2. When acted upon by chlorine in the presence of sunlight, 
the hydrogen of chloroform is displaced by chlorine, and carbonic 
tetrachloride (CCIJ formed. 
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ETH7LIC CHLOmSE. 

CjH^Cl or EtCl. 

m 

Molecular weigM =64*5. Molecular volwne nTl ' 1 H^^ of 
ethylic chloride vapowr weighs 32*25 criths. Sp. gr, 0*874. 
BoiU at ll°-5. 

Preparation, — ^Ethylic alcohol is saturated with hydrochloric 
acid, and digested in sealed tubes at 100° for one or two hours, 
when the mixture separates into two layers, the upper one 
being the ethylic chloride : — 

EtHo + HCl = EtCl + OH,. 

Aloohol. Hydrochloric Etb^lic Water, 

aoid. chloride. 



ETHTLIC IODIDE. 

an J or Eti. 

Molecular weight =156. Molecular volume \ I I . 1 litre of 
ethylic iodide va^ott/r weighs 78 criths, Sp. gr, 1'9464. 
Boils at 72°*2. 

Preparation, — ^By placing in a retort two parts by weight of 
alcohol and one of amorphous phosphorus, and then introducing 
five parts of iodine and distilling in a water-bath : — 

3C,H,Ho + P + I3 = 3C,HJ + POHHo,. 

Alcohol. Ethylic Phosphorous 

iodide. acid. 

Beaction, — Ethylic iodide, when heated with water in a 
sealed tube, produces ether and hydriodic acid : — 

r c H 

2aH,I + OH, = -^ 0' ' + 2HI. 

Ethylic Water. Ether. Hydriodic 

iodide. acid. 
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The methylic and amylic iodides are similar liquids, and ob- 
tained by analogous processes ; the methylic iodide, CHgljhas 
the sp. gr. 2-237, and boils at 42° C. Amylic iodide, CaH^J, has 
the sp. gr. 1*511, and boils at 146°. 

The haloid compounds of the ally lie and phenylic series are 
of comparatively little importance. 



HALOID UTHUBS OF TEE BTAD POSITIVE 

BADIGAL8, 

I. Haloid ethers ofthefonn C32»HoCl. 

Freparation, — These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 
of this class: — 

{CH Ho 
CH*C1 * 

Ethylenio iodhydrate or iodhydric glycol ... \ Q^i ^• 

Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p. 90). 

n. Haloid ethers of the form CJI^SjI^. 

Frepa/ration, — These ethers are generally formed by the 
direct union of the dyad radicals with the negative elements. 

The following list comprises the chief members of this 
class : — 

Boiling-point. 

Methylenic chloride CRJG\ 40° 

iodide OHJ^ 181° 

Ethylenic chloride C,H,Cl, 85° 

„ bromide CaH.Br, 129° 
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Boiling-point 



Ethylenic iodide CjHJa 

Propylenic chloride C.HgCl, 103° 

„ bromide CgHgBr, 144° 



„ iodide C^^^\ 



Butylenic chloride C^H^Cl, 127' 

„ bromide C^H^Bra 160 

Amylenic chloride CsHioCla — ■ 



„ bromide C^H.oBr, 175* 

By the action of potassium, sodium, or zinc, the radicals are 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important members of the series. 



ETHTLENIC BBOmDE. 

CABr, or [^^^l or Ef'Br,. 

Molecular weight =188. Molecular volume I I i . 1 litre of 
ethylenic bromide vapour weighs 94 criths, Sp. gr. 2*16. 
Fuses at —18°. Boils at 129°. 

Freparation, — ^By agitating bromine and water with ethy- 
lene. 

Reactions, — 1. Boiled with alcoholic potash it yields brom- 
ethylene or vinylic bromide : — 

C,H,Br, + KHo = O^Br + KBr + OH,. 

Ethylenio Fotasaio Vinylic bromide Potaasrio Water, 

bromide. hydrate. or bromethylene. bromide. 

2. Heated with an alcoholic solution of potassic acetate, it 
yields inonaoetic glycol. 

J CH,.O.CMeO 
t CH,Ho 

Monacetio glycol. 

+ CMeOHo + 2K:Br. 

Acetic Potassic 

acid bromide. 



( 



CH,Br 


+ 


20MeOKo + OH, = 


Ethylenic 




FotaMio Water. 


bromide. 




aoetate. 
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ETHTLENIC CTAinDE, Ethylenic Nitrile. 



{ 



OH,Cy 
Fuses at 37°. 

Preparation. — ^By heating ethylenic bromide with potassic 
cyanide to 100° for sixteen hours : — 



Ethjlenio 
bromide. 



ON"'K = 


f CH„(CN"') 
t CH,(CN"') 


+ 


2TrBr. 


Fotassio 


Ethjleuic 




Fotaasio 


cyanide. 


nitarile. 




bromide. 



Meaction. — When boiled with alcoholic potash, ethylenic 
nitrile or abnormal cyanide yields potassic succinate : — 

f CH,(CN"') , „Tj-f.„ , „o„ _ f CH/COKo) , oiwrr 

1 0h'(CN"') + 2^^° + 20H, = I ch'(COKo) + 2™^»- 

Ethylenic Potassiio Water. Potassic Ammonia, 

nitrile. hydrate. succinate. 



HALOID ETREES OF THE TRIAD POSITIVE 

BADIGALS. 

I. of the form C„H2„.iHo2Cl. 

Boiling- 
point. 

r CH,Ho 

Chlorhydrin ...-^CHOl 227°. 

I CH,Ho 

rCH,Ho 

Bromhydrin ...-{CHBr 18(!P in vacuo. 

[ OHjHo 

n. of the form C„H»,.iHoCl,. 

f CH,C1 
CHHo 180'. 



DicHorhydrin... 



CH,C1 
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III. of the form C,»H2«.iCl3. 

Boilinf[- 
point. 

f CH,C1 

Triclilorhydrm.,i CHCl 155°. 

[ OH,Cl 

IV. Of the form C„H2;..iOCl. 

Hydrochloric r CH ^ 

glycide or epi- j CH ^ 118°. 

chlorhydrin... I OHjCl 

Preparation. — The ethers of the first three forms are obtained 
by the action of the hydracids upon glycerin ; whilst those of the 
fourth are produced by the action of alkalies upon the second 
form of compounds. 



CHAPTER XV. 



THE ALDEHYDES. 



These compounds are intermediate between the alcohols and 
the acids. They are formed from alcohols by the abstraction of 
hydrogen ; hence the name, which is an abbreviation of alcohol 
dehydrogenatum. 

Three series of aldehydes are known, corresponding to the 
three series of monacid alcohols, viz, : — 

A. Aldehydes derived from C„H2,.+iHo alcohols. 
13. „ „ „ C„H2»_iHo „ 

JPreparaHon. — 1. The aldehydes are formed by the oxidation 
of the alcohols ; ethy^c alcohol, for instance, yields acetic alde^ 
hyde : — 



106 
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O = 



Ethrlio 
aloonoL 



tCOH 

Acetio 
aldehyde *. 



+ 



OH,. 

Water. 



2. Aldehydes are also formed by distilling a mixture of mole- 
cular quantities of the potassic salt of a fatty acid and of potassic 
formate :- 

{coko + {cOKo = {Sofa + COKo.. 



Potassic 
acetate. 



Potassic 
formate. 



Acetic 
aldehyde. 



Potassic 
carbonate. 



This is an important reaction, as by its means the series 
of fatty acids can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen then the 
alcohol converted into an abnormal cyanide or nitrile, which 
by treatment with potassic hydrate gives the potassic salt of 
the next higher acid. Thus : — 



/CH, 
tCOH 

Acetic 
aldehyde. 



+ H, 



- ( 



CH3 

CH,Ho 

Ethylio 
aloonol. 



/CH. 
tCH,Ho 

EthTlio 
aXookoL 



SO,Ho, 

Sulphuric 
acid. 



SO,HoEto + ON"'K = 



SnlphoTinio 
add. 

f CMeH, 

t ON'" 

Bth^lio 
nitnle. 



Potassic 
cyanide. 



SOjHoEto 

Sulphovinio 
add. 

SO.KoHo 

Hydric potassic 
sulphate. 



+ OH 



2 ) 



Water. 



+ 



f CMeH, 



1 ON'" 



+ KHo + 



Potassic 
hydrate. 



OH, = 

Water. 



f CMeH, 
tCOKo 

Potassic 
propionate. 



Ethjrlio 
nitnle. 



+ NH,. 

Ammonia. 



Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 



♦H 



H O 

J, " 

I I 

H H 
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Beactions. — 1. By direct absorption of oxygen, the aldehydes 
are transformed into the corresponding acids : — 

OOH + " - \OORo • 

Aldehjde. Add. 

2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited : — 

{c-^r + OAg. = [%f^^ + Ag,. 

Aldehyde. Argentio oxide. Acid. 

3. "When heated with potassic hydrate, the aldehydes yield 
the potassic salts of the corresponding acids, with evolution of 
hydrogen: — 

Aldehyde. Fotassio Fotasaio 

hydrate. salt. 

4. Treated with nascent hydrogen, they are converted into 
the corresponding alcohols : — 

J CnHj^i J- TT = / ^tMtn+l 

JCOH + -tia « tCH,Ho- 

Aldehyde. AlcohoL 

5. Most aldehydes combine directly with ammonia, forming 
crystalline compounds :— 

COH + "^» ~ tOO(NHJ* 

Aldehyde. Ammonia. Ammonium 

oompoimd. 

6. Aldehydes also combine with the alkaline hydric sulphites, 
producing crystalline compounds :- 



(cot'' + S<^^«H« = SOKoHo, {g-^- 



Aldehyde. Hydric potassic 

'pinite. 



K)tassic 
Bulpl 
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A. ALDEHYDES DEMIVED FROM TEE aH^^iHo 

SERIES OE ALCOHOLS. 

The following are known : — 

Fiuing- Boilingo 
poinC point. 

Formic aldehyde •••{now ••••• 

Acetic aldehyde |§^^ 2R 

Propionic aldehyde . . | ^^ or | q^^«^^=» (4O°-45*0. 

Butyric aldehyde ...{0^3' or {coft^'^^ — ^ (68"'-75°). 

Valeric aldehyde ...{cS^' <>' {coft^^^' ^• 

(Enanthicaldehyde..|§^^2 or |^^^^")^a below -12". 152°. 

Capric aldehyde {c(&^"^^' " ^- ^28^^ 

Euodic aldehyde (cOH^^'^^" • + '^' 213^ 

Laurioaldehyde {cOH^"^^' * ^^• 

Palmitic aldehyde ... {cS^^^^^^^^^ 52°. 

ACETIC ALDEHTDE, AUehyde. 
ICH3 

Molecular weiglU =4i. Molecular volume m . 1 litre of 
aldehyde vapour weighs 22 criths, Sp. yr, =0'79. Roils 
at 21°-8. 

Preparation, — 1. By oxidizing alcohol with chromic acid, 
chlorine water, or manganic oxide and sulphuric acid : — 

CH,Ho + ^ - "[COH 

Ethvlio Aoetio Water. 

aloonoL aldehyde. 

2. By oxidation, casein, fibrin, and albumen also yield alde- 
hyde. 



( 



^.__ + = ]};^ + OH,. 
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3. Aldehyde is formed when the vapour of alcohol or ether 
is passed through a tube heated to dull redness. 

Beactiom, — 1. It gradually absorbs oxygen from the air, 
forming acetic acid, into which it is also readily converted by 
oxidizing agents : — 

tcOH + " - \COHo- 

Aoetio Acetio 

aldehyde. acid. 

2. It reduces silver salts, depositing lustrous metallic silver 
on the sides of the vessel. 

3. By the action of phosphoric chloride on aldehyde, ethyli- 
denic dichloride is produced :-^ 

{?5k + PCI, = (gg^^j^ + P0CI3. 

Aoefcic Phosphoric Ethjlidenio Phosphoric 

aldehyde. chloride. dichloride. oxytrichloride. 

4. When submitted to the action of potassium, one atom of 
hydrogen is substituted by an atom of the metal, the compound 

ICOK 

being formed. ' 

5. Hydrocyanic acid transforms aldehyde into alaniu : — 

JCH, , . «,p-rr ^ em fCMeH(N'"H,) 

took + ^^ + °^» = tOOHo • 

Acetic Hydro(nranio Water. Alanin. 

aldehyde. acid. 

By the action of nitrous anhydride, alanin or lactamic acid 
is converted into lactic acid : — 

Alanin. Kitrons Lactic Water, 

anhydride. acid. 

There are three isomeric modifications of aldehyde : — 

Metaldehyde^ crystalline, subliming at 120°. 

Paraldehyde, liquid, boiling at 125°. 

JElaldeJiyde, crystalline, fusing at 2*^, boiling at 94°^. 
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By the action of chlorine upon alcohol, trichlor-aldehyde is 
formed containing 3 atoms of chlorine in the place of 3 atoms 
of methylic hydrogen. It is named chloral^ 

/cci, 

JCOH- 

This compound immediatelj xmites with one molecule of 
water, forming chloral hydrate, which has the following con- 
stitutional formula :• 

CCI, 
CHHo.' 



{ 



In the same operation chloral alcoholate is generally produced. 
Its constitution is expressed by the following formula : — 

\ CHkoHo- 



B. ALDBHTDES DJEBIVIID FROM THE C,H2„.iHo 

ALCOHOLS. 

ACEOLEIN. Acrylic Aldehyde. 

f CM:e"H 
tCOH • 

Molecular weight 6=66. Molecular volume QH- 1 ^iire of 
acrolein vapour weighs 28 criths. Boils at 52^'4<. 

Preparation, — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin : — 

01yoeria. Water. Acrolein. 

2. By the oxidation of allylic alcohol •.^— 

rCMe"H , o - /CM:e"H . -,„ 
lCH,Ho + O - JCOH + °^«- 

Alljlio Acrolein. Water. 

aloohoL • 
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3 Bj the action of heat on the product of the union of ace- 
tone with bromine : — 

rCOMe , ^^ fCMeBr, 

ICH3 + ^^^ = jCH^Ho^ 

Acetone. 

fCMeBr, _ rCMe"H , „^„, 

Acrolein. Hydrobromic 

acid. 

Beaction, — By oxidation, acrolein yields acrylic acid: — 

rOMe"H , n ^ fCM:e"H 
\COH + ^ - IcOHo • 

Acrolein. AcryUc acid. 



C. ALDUETDUS DERIVED FROM TSE C^H^^^yHo 

ALCOSOLS. 

Boiling- 
point. 

Benzoic aldehyde j q«^ . . . 180°. 

Cuminic aldehyde j^«^^..229°-4. 



BENZOIC ALDEHYDE, Oil of Bitter Almonds, Hydride of 

Benzoyl. 



[ 



COH* 



Molecular weight =106. Molecular volume rn » 1 ^^^i*^ of 
benzoic aldehyde vapour weighs 53 criths. Sp. gr. 1'04j3. 
Boils at 180°. 

Preparation, — I. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at 30°-40°. The synaptase present acts as a ferment on 
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theamygdaliB, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

C,,H,,NO„ + 20H, = { g«^^ + NCH + 2C.H.A- 

Amygdalin. Water. Benzoic HydnK^anio G-locose. 

aldehyde. acid. 

3. By digesting together plumbic nitrate, water, and benzylic 
chloride (chlorotoluol), benzoic aldehyde is formed: — 

Benzylic Plumbic - Nitrons Water. Plumbic Benzoic 

chloride. nitrate. anhydride. chloride. aldehyde. 

The benzylic chloride is prepared by passing chlorine into 
the vapour of boiling toluol. 

Beactions. — 1. "When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — 

t COH + ^ - I cOHo- 

Benzoic aldehyde. Benzoic acid. 

2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate : — 

Benzoic Potassic Potassic 

aldehyde. hydrate. benzoate. 



CHAPTER XVI. 

THE ACIDS. 



The acids form the most numerous family of organic com- 
pounds. 

Many of them arc contained in plants in the free state, or 
in combination as metallic or ethereal salts. 
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Others, are produced by the action of chemical agents on 
various organic substances. 

Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord- 
ing to their basicity : — 

1. Monobasic acids. 

2. Dibasic acids. 
8. Tribasic acids. 

The basicity of organic acids is determined by the following 
simple law: — an organic acid contavning n semimolecules of 
oxatyl is ii'hasic, 

MONOBMIO ACIDS. 

The monobasic acids, which always contain a single semi- 
molecule of oxatyl (OOHo), include the six following series ; — 

General formal^. 

1. Acetic or fatty series ] CC)H*^^* 

2. AcryKc or oleic series | g(j^H2„)"(C«H2«+i)^ 

3. Lactic series j C(aH2„+0(C,„H2m+i)Ho 

4. Pyruvic series \ COH *^ 

6. GlyoxyUc series { COH?"^'^^^'' 

6. Benzoic or aromatic series -j COH*"^* 

The let, 2nd, 3rd, 5th, and 6th of these series maybe regarded 
as the derivatives from corresponding series of alcohols. 

1. The Acetic series from the Methyl series of alcohols. 

2. „ Acrylic „ „ Vinyl „ 

3. „ Lacftic „' „ Glycol „ 
6. „ Glyoxylic „ „ G-lycerin „ 
6. „ Benzoic „ „ Phenyl „ „ 

TOL. n. I 



n 

99 
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The acids of the first, second, fourth, and sixth series are 
termed monohydric as well as monobasic ; whilst the acids of 
the third series are termed dihydrio and monobasic, indicating 
their origin from the dihjdric alcohols, and that thej contain 
two semimolecules of hjdroxjl, one of which is in the oxatyl 
or negative part, and the other in the positive part of the mole- 
cule. The hydrogen of the latter hydroxyl may be displaced 
by highly positive metals, in the same manner as the hydrogen of 
the hydroxyl in alcohols ; but it cannot be displaced by double 
decomposition with bases, in the same manner as the hydrogen 
in the oxatyl may be substituted. 

The acids of the fifth series are termed trihydrie and mono- 
basic, indicating that they are derived fi'om the trihydrie alco- 
hols, and that they contain, besides the hydroxyl in the oxatyl, 
two other semimolecules of hydroxyl in the positive part of 
the molecule. 



1. AOJEJTIC OB FATTT SUBJOES OF AOIDS, 

{C H 
COHo^' 

These acids may be conveniently arranged under three divi- 
sions, viz. : — 

A. Normal acids. 

General formula... I §^^^*^*)^«. 

B. Secondary acids. 

General formula . . . { coh?"^'^'^- 

C. Tertiary acids. 

General formula...! cSh?**"^'^'' 



NORMAL FATTT ACIDS. 
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A, NOBMAL 40IDS OF TSJE AOHTTO OB FATTY 

SFBim 

General fomiila.,. { §g^^»«+*^^*. 

In forinie acid, which is generally- considered to be the first 
term of this division, the radical C(C„Il2„+i)Il2 is replaced by 
H ; and in acetic acid the value of «=0.. In, reference to the 
following list of normal fatty acids, it must be borne in mind 
that the normal chariicter has not been established in the case 
of those members which possess a higher molecular weight 
than oenanthylic acid : — 

Fusing BoiUng- 
point. point. 



• • t 



Pormic acid. 



/H 



Acetic acid 



/Me 
ICOHo """^ 



{cofao •: +i?vxm 



■D ' ' A fCMeH- fO(CH.)H. 
Propionic acid ... I ^q^^' or | ^\^^^^ » ., 

Butyric acid (gg^^, or{g^C^.)H» . 

Valericacid (g^^, or(g(o%^)H. .. 

Iaopropaceticacid{gg5?»or(g(oT'^)5' 



below 
-20°. 



141 



-o- 



len 



175*. 



175° 



Gaproie acid 



-1.5''. 198". 



(EnanthyUc acid { %^^ or { ggg^^^ 
CapryHcacid ... { ggg" -{gSS"^^ 
!Pelargonic acid '•'•^loOHo ^ 



212**. 



a... +14^. 236^. 

. +18°f 260°, 
i2 
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Fnsing- 
point. 



Capricacid {*oS?"^^ 27°-2(30°). 

Laurie acid — {cOH?''^^' ^°'^- 

Myriafcic acid { cok?"'^^' ^^'''^^ 

Palmitic acid { oS)^^"^^" 62°. 

Margaricacid {oOH?"^^' ^^'^^ 

Stearicacid {ccS?'^'^ ^^°'^- 

Arachidic acid { cok^"^''^* '^^°' 

Bebenicacid { OoSf"^^' ^^''• 

Hycenasic acid | §i5kf "^^* ^^°- 

Ceroticacid {cOH?"^^' ^^°- 

Melissicacid IcOH?"^^" ^^°- 

Occurrence. — The greater immber of the acids of this series 
are met with already formed in nature, some in the free state, as 
formic acid in ants and nettles, valeric acid in, tte valeriaa 
root, pelargonic acid in the essential oil of the Pelargonium 
roseum, and cerotic acid in bee's-wai. 

Others are met with as the ethereal salts of monohydric 
alcohols. Thus spermaceti is cetylic palmitate, and Chinese wax 
cerylic cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
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mitic, and stearic acids, which, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation, — 1. By the oxidation of the normal alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 



.CM, 
\CH,Ho + 


0, = 


ICOMo 


+ OH,. 


Alcohol. 




Acetic 
acid. 


Watev. 



2. By the action of alkalies or acids upon the nitrUes or 
abnormal cyanides of the C„H2;^.i series of radicals : — 

{g^,?H-» + KHo + OH, = {g»(^' + NH,; 

Kitrilo. Fotassic Water. FotasBic Ammonia. 

hydrate. salt. 

and 
{c^''"+' + Ha + 20H, = {c'fr + NH.Cl. 

Nitrile. Hydrochloric Water. Acid. Ammonic 

acid. chloride. 

Instances of these reactions are seen in the treatment of 
ethylic nitrile by a boiling solution of potassic hydrate, when 
it is conrerted into potassic propionate, ammonia being evolved, 
thus— 

{gMeH, ^ ^jj„ ^ OH, = {g^^^» + NH,; 

Ethylic Potassic Water. Potassic Ammonia, 

nitrile. hydrate. propionate. 

and in the conversion of ethylic nitrile, by the action of hydro- 
chloric acid, into ammonic chloride and propionic acid — 

{^^ + HCl + 20H, = {^^^' + NH,C1. 

Ethylic Hydrochloric Water. Propionic Ammonic 

nitrile. acid. add. chloride. 
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3. By the action of the potassium or sodium compounds of 
the C»H2»+i radicals upon carbonic anhydride 



CO, + O.H^»Na » {g-o^. 

Carbonio Sodium Sodio 

anhydride. oampound. salt 

as, for example, in the formation of sodic propionate by the 
absorption of carbonic anhydride by sodic ethide :— 

CO, + OMeH,N« = (g^;^^. 

GtuHbonio Sodio ethide. Sodio 

anhydride. propionate. 

4. By the oxidation of aldehydes—* 

COH + ^ - \COHo' 

Aldehyde. Add. 

as in the conversion of acetic aldehyde into acetic acid by 
the absorption of atmospheric oxygen : — 



/CH, 
GOF + 





_ /CH. 
- t COHo* 


Aoetio 




leeUo 


aldehyde. 




acid. 



Besides these reactions of general application, there are 
numerous special methods for the production of certain ment- 
bers of this series. In most of these methods, however^ the 
ireactions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 

Propionic and butyric acids are produced in fiome kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and. other similar substances. 
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EeUUiona of the Normal Fatty Acids to the CnHan+t Series of 

Radicals. 

1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oiatyl is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty : — 

2{ootT + = (g;:!^; + 2Co, + oh,. 

Aoid. Fositiye Oarbonio Water. 

radical. anhydride. 

On electrolyzing a solution of potassic valerate, hydric po< 
tassic carbonate and the normal radical butyl are formed : — 

2{c&o + OH, + = {g;g» + 2OOH0K0. 

Potaflflio Water. Butyl. Hydrio potaaaio 

valerate. carbonate. 

2. "When the ammonic salts of these acids are heated with 
phosphoric anhydride, they are converted into the nitriles or 
abnormal cyanides of the radicals of the CnHa^i series — 

{o^l?iH,0) + 2PA = {g"^,^+^ + 4PO,Ho, 

Ammonic salt. FhoBphorio I^itrile. Metaphosphoric 

anhydride. acid. 

as in the transformation of ammonic acetate into methylic 
nitrile by diBtiUation mtL phosphoric anhydride :- 

{C0(N'H,0) + 2P,0. = {g|?„ + 4PO,Ho. 

Ammonic Fhoephorio Methvlio Ifetaphosphorio 

acetate. anhydride. nitrile. add. 

These abnormal cyanides are converted into monohydric 
alcohols by Mendius's reaction (see p. 55). 

Erom the alcohols so obtained, the CnB.2tt+i radicals are iso- 
lated as described at page 53. 
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SelatioM of the Normal Fatty Acids to the GmHs^^.iHo Series of 

Alcohoh, 

1. By oxidation the normal alcohols yield these acids, as 
above shown. 

2. Conversely, the normal fatty acids can be converted into 
the C^Hj^iHo alcohols, — 

1st, by Mendius's reaction (see p. 55); 

2nd, by Piria and Wurtz's reactions, viz. : — 

Distillation of the potassic salt of the fatty acid with an 

equivalent quantity of potassic formate, by which the acid is 

converted into the aldehyde. 



COKo 


+ 


ICOTfo - 


" [COH 


+ 


COKo,, 


Potassio 
Bait 




Potassio 
formate. 


Aldehyde. 




Potassio 
oarbonate. 



and subsequent treatment of the aldehyde by nascent hy- 
drogen, 



+ H, « ( 



\COH t ^, - ICH^o 

Aldehyde. Normal 

alcohol. 

3. By the action of sodium amalgam upon a mixture of the 
acid and chloracid : — 



( 



C.H"ai+i 

COHo 


+ 


{cSSr + 2Na, = 


** t CONao 


Add. 




Chloracid. 


Sodicsalt. 




+ 


{o^^o + NaCl. 





Alcohol. 



The anhydride of the acid is also formed and converted, by 
the nascent hydrogen evolved by the action of the sodium upon 
the acid, into alcohol. 
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JBehtions of the Normal Ihtt^ Acids to each other. Ascent of 

the Series. 

If the hydrogen constituting the positive part of formic acid 
were substituted successivelj by methyl, ethyl, &c., the whole 
series of normal fatty acids would be obtained : — 

Formic acid (cOHo- 

Acetic acid j COHo' 

{C H 
COHo' 

Butyric acid (oOHo' 

This substitution has not yet been accomplished ; but an 
analogous series of reactions has been effected with acetic acid. 

By the action of sodium on acetic ether, one of the hydrogen 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether j COEt * 

By acting on this body with the iodides of the C^Ha^i radi- 
cals, ethylic salts of the higher acids are produced. 

On submittiug monosodacetic ether to the action of ethylic 
iodide, for instance, butyric ether is produced — 

tCOEto + ^'^"^ - tcOEto + ■""• 

MonoBodacetio Etbjiio Butyrio Sodio 

ether. iodide. ether. iodide. 



FOBmC ACID. 
{cOHo°'°^OHo. 

Molecular weight =46. Molecular volume rFI - 1 litre of 
formic acid vapour weighs 23 criths, Sjp,gr. of liquid 1'235S. 
Fuses at VQ. Soils at IWC. 
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Occurrence, — If red ants be made to pass over blue litmus- 
paper and bei at the same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpillars 
and in the sting of nettles. 

Formation, — 1. Formic acid is produced in a very large num- 
ber of chemical reactions, as in the oxidation of many organic 
bodies (such as starch, woody fibre, or tartaric acid) by a 
mixture of sulphuric acid and manganic oxide, or by potassic 
hydrate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated : — 

CHCI3 + 4KHo = CHOKo + 3KC1 -f 20H,. 

Chlorofoim. Potaario Fotaasio Potamio Water. 

hydrate. fonoate. chloride. 

3. By the oxidation of methylic alcohol : — 



{ 



CH,Ho + 0» - {oOHo + °^- 

Methjlio Fonnio Water. 

aloohoL aoid. 



4. By heating equal weights of dry oxalic acid and glycerin 
together to 75° C, when the oxalic acid splits into formic acid 
and carbonic anhydride : — 



jqOHo _ /H ^ 00^ 

Oxalio Fohnio Gaebomo 



toOHo - jCOHo + 

)xalio Fohnio 

aoid. aoid. anhydride. 



6. By digesting together at 100°, for forty-eight hours, 
potassic hydrate and carbonic oxide : — 

KHo + CO = {goEo- 

Potassio Carbonio Potassio 

hydrate. oxide. fonuate. 
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. 6. !Formio acid is produced in small quantities by digesting 
carbon with permanganic acid. 

. Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with sul- 
phuretted hydrogen, and afterwards rectifying the acid over 
plumbic formate : — 

ggOpto" +, SH, - 2{goH^ + PbS". 

Flnmbio Sulplniretted Fonnio Pltonbio 

forinirte. h7drogeu. add. ndphide. 

Character, — When heated with concentrated sulphuric acid, 
formic acid splits into water and carbonic oxide : — 

{cOHo =» CO + OH, 

Formio Garbonio Water. 

add. oxide. 

Chlorine converts formic acid into hydrochloric acid and car- 
bonic anhydride : — 

{cOHo + CI, = 2HC1 + 00, 

Formic Hydroohlorio Carbonio 

add. add. aahjdiide. 

When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 

(cOHo + HgO = OO. + Hg + OH,. 

Fonnio Kevooric Carbonio Water, 

add. oxide. anhydride. 



ACETIC ACID. 

tOOHo* 

Molecular weigM =60. Molecular vobme ill . 1 Hire qf 
acetic acid vapour weighs 30 crOkt. 8p.gr. of liguidl'064i. 
Bues at + 17°. Boils at 117*". 
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Ocourrenee. — ^Found in small quantities in the juices of 
plants and in animal fluids. 

Marmfacture. — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid; the acid is 
purified bj being converted first into a calcic, and then into a 
sodic salt, the latter being afterwards decomposed by sulphuric 
acid. 

2. By the oxidation of ethylic alcohol : — 



{ 



CH^ao 

mhrUo 

aloonoL 



+ 0. = {gjfeo + ®H»- 



Aoetio 
acid. 



Water. 



Preparation. — Pure acetic acid may be obtained by distilling 
potassic diacetate : — 

fOH, fCH, _ fCH. fCH, 

tOOKo' tCOHo - \COKo + tCOHo- 



Fotassio diacetate. 



Fotassio 
acetate. 



Acetic 
acid. 



Character. — Chlorine acts on acetic acid in sunlight, pro- 
ducing three chlorinated acids, in which chlorine is substituted 
for hydrogen : — 



jCOHo + 

Acetic 
acid. 

rcH,ci 

tCOHo + 

Hfoixochloracetic 
acid. 

fCHQ, . 
\ COHo + 

Dichloraoetio 
acid. 



ci. = 



ci. 



{cOHo + •^^- 

Monochloracetic Hydrochlorio 
acid. acid. 



= (c5S + HCI. 



Diohloracetic 
add. 



Hydrochloric 
acid. 



ci, 



fCCl 



= iSoHo + Ha 



Trichloraoetic 
acid. 



Hydrochlorio 
acid. 



The salts of acetic acid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 

tOOMo* 
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1%e acetates of the dyad metals bave the constitution repre- 
sented by the following general formula : — 

CH 
■ O0-0^^,„ „, JS5'®°n. CMeO.O„„ 

CJtlg 

By the action of phosphorous chloride, acetic acid yields 
acetylic chloride : — 

3{cSao + P^ -3{gH^j + POHHo, 

Aoetio Phosphorous Acetjrlio Phosphorous 

aoid. ohloride. chloride. acid. 



PROPIONIC ACID, Metlacetic Add, 

J CMeH, 
jCOHo • 

Molecular weigJit =74. Molecular volume I 1 L 1 litre of^ro* 
pionic acid valour weighs 37 criths. Boils at 141^. 

Preparation, — 1. By the oxidation of metacetone — a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
on sugar. 

3. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
abnormal ethylic cyanide (see p. 117). 

5. By the action of carbonic anhydride on sodic ethide 
(see p. 118). 

6. By the action of hydriodic acid on lactic acid : — 

fCMcHHo . oTTT ^ JCMeH, ott ^ T 

Lactic Hydriodic Propionic Water, 

acid. acid. acid. 
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BUTTBIC ACID, Mhaeetic Acid. 

fCEtH, 
t COHo • 

Molecular weight =88. Molecular volume QH. 1 litre of 
hutyric acid vc^our weighs 44 criths. Sp. gr, of liquid 
0-9886. ¥u%eB lelow —20*^. Boils at 161° C. 

Occurrence. — In butter, juice of flesh, perspiration, and many 
animal secretions. 

^Preparation, — 1. By the fermentation of sugar with putrid 
cheese. 

2. By the action of ethylic iodide on sodacetic ethcfr (for 
reaction, see page 121). 

YALEmC ACID, Valerianic Acid. 

f CPrH, 
t COHo- 

Molecular weight =102. Molecular volume fTI ' 1 litre of 

valeric acid vapour weighs 51 criths. ^. gr. of liquid 

0-937. Boils at 175''. 

Occurrence,— In many plants, as in the roots of valerian and 
angelica. 

Freparation. — ^By the oxidation of arnyKc alcohol with a mix- 
ture of sulphuric acid and dipotassic dichromate : — 

CH^o + U, - |ooHo + "^»- 

Amylio Valeric Water. 

aloonoL aoid. 

Isomeric fbrms.— There are four possible isomers of valeric 
acid : — 

Normal valeric acid or f CPrH, J CH,(CH,[CH,(CH3)]) 

propacetic acid t COHo ^^ \ COHo 

H H H H 

I I I 



{ 



H— C— C— C— 



— C- 



■C=0 



H H H ' H 

k 



ISOMEBS oy VAI.EBIC ACID. 
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Isopropacetic acid ...{%^if' or {g^t^^^^^^J- 



H 

I 
H-C— H 

I 
H— C 



H 



H— C— H 



— C— 



I 

o 

I 

H 



Methethaceticacid... {gg^^eH „^ | CH^CH.)[CH,(CH,)i 



H H H— C— H 



H- 



.u 



I 

c- 



H 



C=0 

I 

o 



H 



Trimethacetic acid -. (coHo°^ fcoS^'" 



H 



J- 



H 



H 

I 
H 



•0- 



H— C— H H 



C=0 

A 

I 



i 



Of these, the- normal, the isopropacetic, aod the trixnetha* 
cetic acid are known. 
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B. SECOND ABT FATTT ACIDS. 

General forimila... { coh?"^'^'^- 

formation, — 1. By the action of the iodides of the C„H2,.+i 
radicals on disodacetic ether, the ethereal salts of these acids 
are produced. 

2. By the action of a boiling solution of caustic potash upon 
the nitriles or abnormal cyanides of the secondary radicals. 



BDOITHACETIC ACID, or Isohutyric Add. 

f CMe,H 
1 COHo • 

Molecular weight =88. Molecular volume i I I . 1 litre of 
dimethacetic acid vapov/r weighs 44i criths. Boils at 152°. 
Isomeric with butyric or ethacetic acid. 

^Preparation. — 1. As a potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 

CNa.H , oivyr^T J CMe.H , ot^t t 

Disodacetic Methvlio Dimeiliacetic Sodio 

ether. iodide. ether. iodide. 

{g^-^ + ^H» - {Sol? + «H°- 

Dimethacetio Potassic Potassic Alcohol, 

ether. hydrate. dimethacetate. 

2. By boiling isopropylic nitrile with solution of caustic 
potash : — 

{ g^'H ^ ^H^ + OH, =. { %^^ + NH,. 

Isopropjlio nitrile. Potassic dimethacetate. Ammonia* 
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Meaction. — By a hot solution of cliromic acid dimethaeetic 
acid is decomposed into carbonic anhydride and acetic acid : — 

{cOl^o'' + 30, = 2C0, + 20H. + {ggjj^. 

Dimethacetic add. Aoetio aoid. 

Acetone is sometimes formed as an intermediate product. 

COHo' ^^^^^^^ ^^ caproic acid, and 

diami/lacetic(^d, \ qoHo ' ^^^°^®^^ ^*^ lauric acid, have been 

prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 

C. TUJBTIAET FATTY ACIDS. 

General formula... jgJ5^^^^^)». 

Formation, — As ethereal salts, by the action of the iodides 
of the C„H2„-|-i radicals on trisodacetic ether. 

TEIMETHACETIC ACID. 

fOMCa 

t COHo- 

Molecular weight =102. Molecular volume QH- 1 ^^^ rf 
trimethacetic acid vapour weighs' 51 criths. Isomeric with 
valeric acid. 

For the graphic formula of trimethacetic acid see p. 127. 
Preparation, — ^As an ethereal salt, by the action of methylic 
iodide on trisodacetic ether : — 

Trisodacetic Hethylio Trimethacetid Sodio 

ether. iodide. ether. iodide. 
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CHAPTER XVII. 

THE ACIDS. 

2. ACRYLIC OB OLEIC SJSBIJSS OJP ACIDS. 

General formula of normal and T C(C„H«,)"(CJBI{n^.i) 
secondary acids \OOHo 

This series is divided into normal, secondary, and oljefine 
acids. In the normal acids mssO ; in the secondary it must be 
a positive integer. 

Most of the normal acids exist as ethereal salts of glycerin in 
natural fats and oils. 

The following is a list of the acrylic series of acids :— * 

A. NOBMAL ACIDS. 
Acrylicacid [qO^o ""^[qOeS^ ' 

Crotonicacid jcOHo ^^ {cOHo ' 

ATM fCPr"H rC(C3H.)"H 

Angehcacid j^j^^^ or jcoHo. • 

T, . ,. ., fCBu"H fC(C,H3)"H 

Pyroterebic acid j COHo '''' iCOAo ' 

Damaluric acid C^TL^fi^. 

Damolic acid ^iflttfii" 

Moringic acid 1 n g- n 

Cimicic acid J " 

Physetoleic acid "j 

Hypogffiicacid I G^fi^fi^. 

Q-aidic acid J 

Oleicacid (oO%?'^''^- 

Elaidicacid Gis^iflr 

Doeglic acid C„H„Oj. 

Brassic acid. (Urucic) n tt n 

«c«o / ^-^«°'- 
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B. SECONDARY ACIDS. 



Mathae^Ucacid {gM^'^e ,, {C(CHJ'(CH.) 

Me%lc.otonic«.d [^^^ or {g<?£')W). 

Etbylcrotonic acid {gg*gf or (gS^?*>"(^'^'>. 



C, OLEFINE ACIDS. 

[ CM:e"H 

/3 Crotonic acid \ OH. or 

I COHo 



f C(CH-)"H 
CH, 
COHo 



lEormation of Normal Acids. — 1. By the oxidation of the 
alcohols of the vinyl ot C„Ha,_iHo series : — 

fO(C,HJ'H . o - /C(C»H^)"H OH 

tCH^Ho + "» - I COHo *'**»• 

AloohoL Acid. Water. 

. 2. By the oxidation of the aldehydes of the acrolein or 

f C>(C,^s^,)"H 1 n — J C(C„Ha,)"H 
tcOH + " ~ tCOHo 

Aldehyde. Aoid. 

Formation of Secondary Acids. — By the action of phosphorous 
chloride, phosphoric chloride, phosphoric oxytrichloride or 
phosphoric anhydride upon the ethereal salts of secondary 
acids of the lactic series, the elements of water are removed 
and the ethereal salts of the acrylic secondary division of acids 
produced: — 

ofC(G„HsM.i)2Ho •. ppi _ o f C(C„H2„)"(CnH^i) 
**\COEto + ^^^ - ^\COEto 

Ethereal 'salt of Phoaphoroua Ethereal salt of 

the lactic writB* chlorides the acryUo serieB. ' 

+ POHHo, + 3HC1. 

Phosphorous Hydrochloric 

acid. ' aoid. 

k2 
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Formation of Olefine Acids, — By the action of potassio 
hydrate upon the nitriles or abnormal cyanides of the C»H2m.i 
fiftmily of radicals : — 

fCMe"H fCMe"H 



[ CN'" 

Allylio nitrile. 



+ KHo + OH^ 

Potassio Water, 

hydrate. 






CH, 

COKo 

FotasBio 
/3 crotonate. 



+ NH,. 

Ammonia. 



Belationa of the Ajcrylic to the Acetic Series of Acids, 

The normal and secondary acids of the acrylic series, when 

treated with fused potassic hydrate, yield the potassic salts 

of two normal acids of the acetic series : — 

f C(C„H2»)"(C«H2,^i) 
tCOHo 

Acid of the acrylio series. Potassio 

hydrate. 



+ 2KHo = 



{C(C«H3„»4.i)Hj 
OOKo 

Potassio salt of acid 
of the acetic series. 



I / C(C/„-2H2„_3)Ha 

"^ \ COKo 

Potassio salt of add 
of the acetio series. 



Hj. 



All the members of the acrylic series found in nature g^re 
acetic acid as one of the acids produced in this reaction. 
Prom this and other considerations, it is believed that their 
positive radicals all contain one atom of hydrogen and a dyad 
radical. They are normal acids ; and by the action of fused 
potassic hydrate the dyad radical becomes substituted by two 
atoms of hydrogen. Thus : — 



Acrylic acid, Potassio 

hydrate. 

+ 2KHo 

Potassio 
hydrate. 



fCH, 
COKo 

Potassio 
acetate. 



+ { COKo 

Potassic 
formate. 



+ H,. 



fCEt"H 
iCOHo 

Crotonio 
aoid. 

r CPr"H 
tCOHo 

Ang[elio 
acid. 



=( 



+ 2KHo = 

Potassic 
hydrate. 



CH, 
COKo 

Potassio 
acetate. 



tCOKo 

Potassio 
acetate. 



{CH 
coko + ^' 



Potassio 
acetate. 



. JCMeH, . „ 

Potassio 
proxdonate. 
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Some of the secondary acids also give acetic acid when treated 

with fused potassic hydrate ; but this can only happen when 
the dyad radical is ethylene, thus : — 

f CMe'^Me . ^j^„^ _ f CMeH, . f H . „ 

Methaoiylio Fotamio Potassio Petassio 

acid. hydrate. propionate. formate. 

f CEf'Me , oTTTTn - / OMeU, , f CH, . „ 

Methylcro- Potassio Potassio Potassio 

tonioaoid. hydrate. propionate. acetate. 

fOEt"Et , „^„^ _ f CEtH, . f CH, . „ 

Ethylcro- Potassio Potassio Potassic 

tonic acid. hydrate. batyrate. acetate. 



ACBTUC ACID. 

r CMe"H 
jCOHo • 

Molecular weight = 72. Boils at about 100°. 

^Preparation, — By the oxidation of acrolein with argentic 
oxide : — 

fCMe"H . OA fCMe"H , . 

Acrolein. Argentic oxide. Acrylic acid. 

Beactions, — 1. Acrylic acid, under the influence of nascent 
hydrogen, produces propionic acid : — 

rCMe"H . TT - JCMeH, 
t COHo + -^2 - I COHo • 

Acrylic add. Propionic 

acid. 

2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 
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OLEIC ACID. 



{ 



C(0,eH3,)"H 
COHo. 



J?reparafion, — Obtained in the purification of stearic acid. 
Beaction. — ^Heated with potassic hydrate, it gives potassic 
acetate and paimitate : — 



DHo 


^+2KHo= - 


coke 


Oleic add. 


PotasBio 
hydrate. 


Potasrio 
acetate. 



Fotaaaio paimitate. 



CHAPTER XVIII. 

THE AOrOS. 

3. LACTIC SERIES OF ACIDS, 
General formula of normal and secondary acids : — 

f C(C„H2„^i)(C«H2to+i)Ho 
1 COHo 

In the normal acids m in this formula =sO ; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may be defined* as acids 
containing one semimolecule of oxatyl, the fourth bond of the 
carbon of which is united with the carbon of a positive group 
containing one semimolecule of hydroxyl, or of the peroxide 
of a monad organic radical either positive or negative. The 
following examples will serve to illustrate this definition : — 
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H 

A 



H 



i 



— 0— H 



C=0 



i 



H 

Laotio aoid. 



H 



H— C— H 



H 



k 



H— C— i— 



i 




Methyl-lactic 
aoid. 



H 



H 



H 



0=0 

I 
O 



H 



H— C— 



H 



— C— H 



C=0 

I 
O 

I 
H 



Aceto-laotio 
aoid. 



The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight ^visions :— 

1. Normal Acids. 

2. Btheric Normal Acids. 

3. Secondary Acids. 

4. Etheric Secondary Acids. 
6. Normal Olefine Acids. 

6. Etheric Normal Olefine Acids. 

7. Secondary Olefine Acids. 

8. Etheric Secondary Olefine Acids. 

1st. J^oTfJial Aoids, — A normal acid of the lactic series may 
be defined as one in which an atom of carbon is united with 
ozatyl, hydrozyl, and at least one atom of hydrogen. The 
general formula of these acids is therefore 

J C^HHo 
tCOHo • 
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In this formula K may be either hydrogen or any monad 
positive organic radical. The number of acids possessing 
the same atomic weight, and belonging to this division, is 
determined by the number of isomeric modifications of which 
the positive organic radical is susceptible. Thus, of the acids 
containing two, three, or four atoms of carbon, there can be 
only one of esifh belonging to this division, because these acids 
cannot contain a positive organic radical higher in the series 
than ethyl, and this radical is not susceptible of isomeric 
modification; but a normal acid containing propyl can have 
one isomer in this division, the two acids containing respec- 
tively propyl (CEtHj) and isopropyl (CMe^H). For acids of 
this division containing normal positive organic radicals only, 
the following general graphic formula may be given : — 



H 

I 
H— O— C— C 

II I 

o 



fR] 
I 

c 

I 



H 



n 



H 



In the case of gljcollic acid n=0. 

The following are the acids at present kno'vm belonging to 
this division : — 



Glycollic acid 



fCH,Ho 
t COHo '• 



Lactic acid {cOH™° 



Oxybutyric acid 



fOEtHHo 
tCOHo • 



Valerokctic acid {c^^° 

I^^cicacid..... jcoS^" 



2nd. JEtheric Normal Acids, — An etheric normal acid of the 
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lactic series is constituted like a normal acid, but contains a 
monad organic radical, positive or negative, in the place of the 
hydrogen of the non-oxatylie hjdroxyl. The following is there- 
fore the general formula of these acids : in the graphic formula 
», as before, may =0. 



H 



H— 0— C— C 



O 

I 

+ 

B 



I 
C 

I 



„ „, /cSheo 

^ °' t OOHo • 



The number of possible isomers belonging to this division is 
very great ; for, in addition to those of which the normal acids 

containing E of the same value are susceptible, a host of others 

must result from the complementary variation of E and S. 
The lowest member of th© division, methylglycollic acid (iso- 
meric with lactic acid), is the only one incapable of isomeric 
modification. * 

The following examples will serve to illustrate the constitu- 
tion of the acids belonging to this division : — 

Methylglycomca<5id.. {qOhJ^''- 

Ethyl-lactic a^id {§0H^*''- 



Aceto-lactic acid 



f CMeHAco* 
t OOHo 



3rd. Secondary uicids. — ^A secondary acid of the lactic series 
is one in which an atom of carbon is united with o xatyl, hy- 
droxyl, and two semimolecules of a monad positive organic 
radical. The general formula of these acids is : — 

• Aoo» peroxide of acetyl, OjHgOa. 
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H 



I 



I 

H 



H 

I 




)n 







I 
C 

I 
H 



H or 



ci 



fOEJHo 

t poko • 



J m 



A 



In the graphic expression, the values of n and m may differ ; 
but both are positive integers, and neither may =0. In the 

symbolic formula E must be a monad positive organic radical/ 
The following examples will serve to illustrate their constitu- 
tion : — 

Pimethoxalic acid* { cQHo^^* 



!E!thomethoxalic acid 



DIethoxalic acid 



f OEtMeHo 
: \O0Ho : 

r CEt^Ho 
\COHo • 



The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two positive radicals, and, secondly, by 
the number of possible isomers of these radicals. The lowest 
two terms of the series are alone incapable of isomeric modi- 
fication by either of the causes mentioned. 

4th. Etheric Secondary Acids,-—ThQ%e acids stand in the 
same relation to the secondary as the etheric normal to the 
normal p.cids; they consequently contain a mopad organic 
radical in the place of the hydrogen of the non-oxatylic hy- 
droxyl. The following is therefore the general formula of 
these acids : — 
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•^ *"^ ICOHo- 



± 

rn^ (K) 

H C -0 c 

hJ. c=o vH ... 

A 

I 

H 

5tb. Normal Ohfine Acids. — ^A normal define acid belonging 
to the lactic series is one in which the atom of carbon united 
with oxatjl is not combined with hydroxyl, and in which the 
atom of carbon united with hydroxyl is combined with not less 
than one atom of hydrogen. The following are the general 
graphic and symbolic formula of the acids belonging to this 
division : — 

H 



H— 0— C 

II 
O 



I 


I 
H 



r cShho 

C—O— H or \ (CH,X . 

i COHo 



;« 



i 



In both these formula n miist be a positive integer and 

cannot =0, but & may be either hydrogen or a monad positive 

organic radical. The defines of these acids may belong either 

to the ethylene or ethylidene series. 

The following are the only acids at present known belonging 

to this division : — 

f CH,Ho 

Paralactic acid ^ ^Sj 

I COHo 

CH„Ho 



Faraleucic acid 




The number of isomers in this division will obviously depend, 
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first, upon the complementary variations of fi and (CHj)„ ; 

secondly, upon the isomeric modifications of which £ is sus- 
ceptible; and thirdly, upon the isomeric modifications of 

6th. Utheric Normal Olefins Acids. — These acids only differ 
from the normal define acids in having the hydrogen of the 
non-oxatylic hydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore, 

H 



H-0— C 

li 




C 



H 



Jn 



+ ± 

I + f CEHEo 

6— 0— E or UCH,)';. 
I [ COHo 



As in the fifth division, n must be a positive integer and cannot 
ssO, whilst E may be either hydrogen or a monad positive 

organic radical; but E must be a monad organic radical, 
either positive or negative. 

7th. Secondary Olejine Ajcids. — ^A secondary define add of 
this series is one in which the atom of carbon united with 
oxatyl is not combined with hydroxyl, and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad positive organic radicals, as shown in the following 
formul® :— 

C— 0— H or 



H— O-C 

II 




I 
C 



\^] 



CE3H0 

COHo 



In both of these formulsD n must be a positive integer and 

cannot =0, and K must be a monad positive radical. 

8th. Eiherie Secondary Olefine Acids. — These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifth. "No member of the seventh or eighth 
division has yet been formed. 



{ 
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Formation of the JSFormal Acids, — ^1. By the oxidation of 
tlie glycols, or dihydric alcohols. 

fCH,Ho . o « /CH,Ho . ^^ 

Glycol* Glyoollio Water. 

aoid. 

2. By the oxidation of the CnHa^+iHo alcohols : — 

S5^T 4- O = IS?^?^ 4- OH 
OH^Ho ^ ^» \COHo ^ ^^»- 

Efchvlio ^ GlyooUio Water, 

alcohol. aoid. 

3. From the fatty acids, by converting them first into chloro- 
substitution acids, and then acting upon th^se compounds with 
potassic hydrate : — 

f C(OHHa^i)H, , ni _ / 0(CnH2„+i)HCl . -rrni . 

IQOHo + ^^» - jCOHo + ^^^' 

Fatty acid. ChlorofSEttty acid. Hydrochloric 

add. 

{C(C„H2^l)HCl , Tr-rr^ _ f C(C„H2„^.i)HHo , ♦^pi 
COHo "^ ^^"^ " tcOHo + ^^^' 

Chloro&tty acid. Potaasio Kormalacidofthe Fotaseio 

hydrate. lactic series. chloride. 

Formation of Secondary Adds, — ^By the action of the zinc 
compounds of the monad positive organic radicals upon ethylic 
oxalate, and the subsequent addition of water : — 

\ COEto "^ 2Zn(UH2^i). - I cOEto 

Ethylic Zi&c compound of 

oxalate. monad radical. 

+ Zn(C„ trih+i)Eto ; 
t COEto + ^^^^ ~ t COEto 

Water. Secondary aoid. 

+ jg-^^i + ZnHo,. 

Hydride of Zincio 

radicaL hydrate. 

Formation of Olefine Acids. — ^By uniting a dyad positive or- 
ganic radical with carbonic oxydichloride (phosgene gas) under 



144 



THE ACIDS, 



An inspection of this formula shows that glycollic add 
admits of no isomeric modification, except with a total change 
of type. The part of the formula below the dotted line repre- 
sents oxatyl, which cannot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of the formula above the dotted line, which admits of 
the following modification : — 

H 

H-^C— H 



O 



I 
The acid represented by the formula so modified no longer 

comes within the definition of the lactic series. It is carbo- 

methylic acid, and differs essentially from glycollic acid and 

the lactic series in general, inasmuch as the carbon of its 

negative radical, oxatyl, is linked to the carbon of the positive 

radical by oxygen*. 

* Bearing this constitution of carbometiiylic add in mind, we have only 
to go one step Airther in order to peroeive the constitution of carbonic acid 
itself, and the explanation of the anomalous basicity of this acid ; for if, in 
the above graphic formula for carbomethylic acid, we replace the methyl by 
hydrogen, we have : — 

H 



I 



A 



o 
c=o c=o 



A 

i 



o 

I 

H 

Carbomethjlio add. Carbonio aoid. 



It is thus evident that the radical oxaiyl, when united with hydrozyl, has 
sufficient negative power to produce a feebly dibasic acid ; but inasmuch as 
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There being no decisive evidence that homolaetic acid differs 
from glycoUic acid, experiment and theory both agree in 
asserting that the formula CjH^Og represents only one acid in 
the lactic series. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an expression capable of the following 
three variations vrithout quitting the lactic type :— 

No. 1. No. 2. No. 3. 

H H H 

HO H— C— H 

H— C— C— H H— C— H O 



S C=0 H— C— H H— C— H 

O 0=0 0=0 

A A 

H H 



H 



Or, expressed symbolically : — 

No. 1. No. 2. . No. 3. 

fCMeHHo fCH,Ho „JSS"^*' fOH,Meo 
tcOHo • lCH,(COHo)°'^|gg^^- ICOHo ' 

All the acids represented by the above formula are known. 
The j&rst expresses the constitution of lactic acid, which 

belongs to the normal division ( f CEHHo | of the series, 
^ VJCOHo / 

described at page 135 ; the second shows the atomic arrange- 

ment of paralactic acid ; whilst the third represents methyl- 

glycollic acid. The proof that the first two of these acids are 

so constituted is afforded by the synthetic processes sometimes 

carbonic acid is not included in the categorj of organic acids, it forms no 
exception to the law that an organic acid containing n semimolecules of 
oxatyl is n-basic 

VOL. n. Ij 
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employed to produce them ; for ethylidenic cyanhydrate is con- 
verted by ebullition with potash into a salt of lactic acid, 
whilst ethylenic cyanhydrate is transformed under similar cir* 
cumstances into paralactic acid. It has also been mentioned 
above, that paralactic acid is produced by the action of phos- 
gene gas upon ethylene. Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the foEowing atomic constitution : — 

H 
H-C-H or {^: 

it would consist of a semimolecule of methyl and an atom of 
hydrogen, both united with an atom of carbon two of the 
bonds of which satisfy each other. Thus the formation of 
ethylidene chloride from aldehyde and phosphoric chloride 
takes place as follows : — 

Aldehyde. Phosphoric Ethylidenio Fhoiphorio 

chloride. cmoride. oxytrichloride. 

the. oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, viz. 

H 



I 

H 

Such, then, being the constitution of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula No. 1, whilst ethylene should 
produce an acid agreeing with formula No. 2. The acids 
actually produced from these sources are lactic and paralactic 
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adds; hence No. 1 is the constitutional formula of lactic acid^ 
andNo< 2 that of paralactic acid — a conclusion which harmo- 
nizes perfectly with all the reactions in which the production 
of these acids can be traced. Thus in the formation Qf lactic 
acid by the oxidation of propylic glycol, we have 

rCMeHHo ^ ri JCMeHHo ^ ^u 

tCH,Ho + ^^ = jCOHo + ^^^- 

Fropylio glycol. Lactic acid. Water. 

Again, in the production of this acid from ethylidenic cyan- 
hydrate, 



CHIIo(CN'") +^^^'^^**^«~" icHHo(COKo 



) 



+ NHv 



3" 



Ethylidenic Fotassic Water. Fotassic lactate. Ammonia. 

cyanhydrAte. hydrate. 

The formula given for potassic lactate in this equation is only 
apparently different in type from that previously used for lactic 
acid, since . 

{oSho(COKo) = CMeHHo(COKo) = {g^^^^V 

In the reaction by whicli cbloropropionic acid is transformed 
into lactic acid we have the following change : — 

f CMeHCl . 9Tj.^„ _ f CMeHHo . ^j^p, , -,„ 
COHo + ^^^° jCOKo + ^^^ + °^»- 

Chloropropionic FotaMio Fotassic lactate. Fotassio Water, 

add. • hydrate. chloride. 

The production of lactamic acid (alanin), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 

Ammonio Hydrogranio Water. Hydro- lActamic add. Ammonio 

aldehyde. add. chlorio (alanin). chloride. 

add. 



CMeH(N"'H^ '+ NOHo = f CMeHHo , /%„ ■ tj 
OOHo \OOHo +OI1. +i>i,. 



{ 

laetaasio add Nitrom Lactic add. Water, 

(alanin). add. 

l2 
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Not the least interesting reaction illustrative of the consti- 
tution of lactic acid is the formation of this acid by the action 
of nascent hydrogen upon pyruvic acid : — 

fCOMe . Ti JCMeHHo 

jCOHo + ^;j - tcOHo • 

Pyruvic acid. Lactic acid. 

In a similar manner it can be demonstrated that the above 
formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or olefine division of these acids, 



rC^HHo 

t (CH,)"«(OOHo) ^^ ^ 



fCEHHo 



(CH J'„ . 
COHo 



That paralactic acid possesses this constitution is proved, 
first, by its production from cyanhydric glycol — 

C&"') + ^0 + OH, = |c|^' + NH3I 

Cyanhydric Potassio Water. Fotassio Anunonia^ 

glycol. hydrate. paralaotate. 



{ 



secondly, by its formation from phosgene gas and etbylene 
(see p. 142) ; and tHrdly, by its conversion into malonic acid by 
the oxidizing action of dipotassic dichromate : — 

f CBJS.0 ( COHo 

CH, + O, = -^ CH, + OH,. 
COHo I COHo 

Paralactic add. Malonic acid. 

By the action of water upon the chloride of /3 chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whilst chloropropionic acid gives under the same 
circumstances lactic acid, it follows that the former chloro-acid 
must be isomeric, and not identical, with the latter. Now 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid does, as is seen in the 
following graphic formulae :— 



ISOMKRISH JN THE LACTIC SERIES. 



149 



JTo.!. 

H 



H- 

Cl- 



i 



I 

H 



iro.2. 
CI 

H-nC-H 

H— C— H 

Lo 

A 

i 



A comparison of these fomnilaB with those of lactic ajid para- 
lactic acids (p. 145) shows, at a glance that No. 1 is the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloropropionic acid, which, by the substitution of its 
chlorine by hydroxyl, must yield paralactic acid. By the action 
of nascent hydrogen, both isomeric chlorides will obviously 
produce the same propionic acid. 

The cause >afc the isomerism of methyl-glycollic acid (No. 3, 
p. 145) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the series, such is the 
rapid increase of isomeric forms, that we now encounter no less 
than eight possible isomers, all within the lactic family. 



NormaL 
No. 1. 



f CEtHHo 
tOOHo ' 



SeooudarT. 
No. 2. 

f CMe,Ho 
tOOHo ' 



Normal oleflne. 



EUierio normal. 

^ 



No. 8. 



No. 4. 



f CH,Eto 
iCOHo ' 



Na6. 

CH,Ho 

CH, ' 
COHo 



No. 6. 

CH,Ho 

CMeH. 

COHo 



No. 7. 

f CMeHHo 
tCOHo 



J CMeHMeo 
\ COHo 



Etherio normal oleflne. 
No. 8. 

r CKMeo 
CH, . 
COHo 



Of these acids, Nos. 1, 2, and 3 are known. No. 1 is oxy- 
butyric acid ; No, 2 is dimethoxaUc acid, whidi is identical 
with acetonic acid. This being the case, the formation of the 
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latter by the action of hydrocyanic and hydrochloric acids upon 
acetone is easily intelligible : — 

{ cSke + NCH + 20H, + HCl = { gg^f « + NH.CL 

Acetone. Hydrooranio Water. Hjdro- Acetonioor 

aoia. chloric add. dimethoxalio add. 

The third of the above formnl© is that of ethyl-glycollic acid. 

Of the possible lipids containing five atoms of carbon, only 
two, viz. ethomethoxalic acid and valerolactic acid, are known. 
The cause of the isomerism of these two acids is seen at once 
from an inspection of their constitutional formulae: — 

* EthomethoxaUc acid | co^^^"^^- 

Valerolactic acid ] COH ^' 

Of acids containing six atoms of carbon, the following three 
are known : — 

Leucicacid 1 COH ^' 

Diethoxalic acid 1 OOH ^' 



Paraleucic acid 



The above formula for leucic acid is founded upon a reaction 
for the synthetical production of amidocaproic acid from valeric 
aldehyde and hydrocyanic acid. Valeric acid cpntiifins butyl ; 
consequently valeric aldehyde has the constitution expressed by 

{Bu 
COS ' ^^^ ^^^ reaction in question is therefore 

explained by the following equation : — 
{ So(NvH,) +NCH+0H,+HC1= { gg^^"^ +'»«*C1. 

Ammonic ^Mj^tro- Water. Hydro- Amidocaproic acid Amoionio 

valeric aldehyde. cyanic chloric (leaoin). pfalgride. 

add. add. 
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Such being the rational formula of amidocaproic acid, its trans- 
formation into leucic acid hj nitrous acid determines the con- 
stitution of leucic acid : — 

\COHo + nua.0 - jcoHo + ""» + ^>* 

Amidocaproic aoid. Nitrous acid. Lenoio aoid. Water. 



CHAPTER XIX. 

THE ACIDS. 

4. FTEUnO SUBIUS. 

General formula { cqHo^*"^'^- 

In this formula n may =0. 

l^e following list contains all the known members of this 
series : — 

Pyruvic acid | qoHo' ^^^ ** ^^^°* 

Convolvulinoleic acid. . . | cqHo""'^'''^- ^^^^ ^* ^^°- 

Jalapinoleic acid | cOHo"^''^* " ^^°* 

Eicinoleio acid {cOHd""^''^' » ^°- 

Pyruvic acid only is well known. 

The first member of this series would have the formula 

{COH 
COTTo' '^^ ^^^ ^® believed to be formed by the dehydration 

of glyoxylic acid; but its existence has not yet been satisfactorily 
demonstrated : — 

tOOHo ~ "^ - \COHo- 

Olyozylio add. Gl joxalio add. 
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The aldehyde of this acid, however, is known. It is called 
glyo:iEal, and its formida is : — 

fCOH 
tCOH- 

Grlyoxal is produced by the oxidation of ethylic alcohol by 
nitric acid : — 

{o^Ho + 03= {g8i + 20H,. 

. Ethjlio Gljozal. Water. 

aloonoL 

These acids are the semi-ketones of oxalic acid, and they stand 

in much the same relation to this acid as that which acetone 

occupies with regard to acetic acid : — 

rOH, . fCH, 

t COHo • I COMe- 

Acetic acid. Acetone. 

f COHo f COMe 

\ COHo = t COHo- 

Oxalio acid. Fyruvio acid. 

■ The pyruvic series is also closely related to the lactic series ; 

pyruvic acid absorbs hydrogen and is converted into normal 

lactic acid : — 

J COMe . rr _ JCMeHHo 
jCOHo + ^3 - I COHo • 

Pyruvic Jjactio 

acid. add. 

5. TSU GLTOXTLIC SEBIJES OF ACIDS. 

General formula... |S^^-^2''+^)^°2 or J cIhI^iHo. 

{ COHo y QQg^ 

In the second formula n may =0. 

The two following acids of this series are known :-r 

Formnla. Physical condition. 

{CHHo 
COHo^* Syrupy, crystalline hydrate, 

f CH.Ho 
CHHo. Syrupy. 
COHo 



Glyceric acid 



{ 
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These acids are trihydric, but monobasic, and are related to 
the glycerin series of alcohols in the same way that the mem^ 
bers of the lactic series are related to the glycols : — 

OH,Ho fCH,Ho. 

OH,Ho- t COHo • 

QrljooL Olycollic add. 

f CH,Ho f OH,Ho 

CHHo. -^CHHo. 

CH,Ho [ COHp 

Olyoerin. G-lyoerio acid. 

By a reaction similar to that which is believed to produce 

glyoxalic acid from glyoxylic acid, glyceric acid yields pyruvic 

acid: — 

r CH,Ho f CH3 

CHHo - OH2 = SC^ • 
COHo [ COHo 

Glyceric add. Pyruyio acid. 



CHAPTER XX. 

THE ACIDS. 

6, THJH BIINZOIG OB ABOMATIC SEBIES OF 

ACIDS. 



General formula . , . 



C„H2n_7 

COHo • 



JFormation, — 1, By the oxidation of the aromatic or 
O^Hai-yHo alcohols : — 

CH^o + ^> - I COHo + "^»' 

' Benzylio aloohoL Benzoic add. 

2. By the oxidation of the aromatic aldehydes. Thus benzoic 
acid is formed from benzoic aldehyde, or oil of bitter almonds 
(see p, 112). 



{ 
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3. By the action of alkalies on the nitriles or abnormal 
ejanides. Thus potassic benzoate is formed by the action of 
potash upon Benzonitrile :— 

[%P. +. KHo + OH, = {^'^l^ + NH.. 

Benzonitrile. Fotosiio benzoate. Ammonia. 

4. By the action of sodium and carbonic anhydride on the 
bromides of the C^Ha^-; radicals : — 

C,H,Br + Jfa. + CO, = {g»(^,o + NaBr. 

I'heiiylio bromide or BocUe bensoate. 

' monobrombenzoL 

5. Some members of the series are produced by the ozidatioi^ 
of the hydrides of the C„Il2„_7 radicals : — 

0,Me,H, + O, = {cffif* + OH,. 

Bimetbyl-benzol. Toluylio Add. 

6. The acids of the aromatic series may be obtained from the 
monamines of the series containing one atom less of carbon. 

Thus Phenylamine, when distilled with oxalic acid, produces 
phenylformamide : — 

{ OOHo + NH,(C,H.)- JfH(C^.)(CHO) + OH, + CO, 

Oxalioacid. Fhenjlamine. Phenylformamide. Water. Carbonio 

anhydride. 

Phenylformamide, by thef action of heati, givesk i^^ater and 
benzonitrile : — 

NH(C.H.)(CHO) = OH, + {g^A. 

Phenylformamide. • Benzonitrile. 

Benzonitrile, heated with potassic hydrate, gives potassic 
benzoate and ammonia : — 

{?#'•' + ^Ho + OH, = (g.^^^ + NH.. 

Benzonitrile. Potassic Potawio Ammonia. 

hydrate. benzoate. 

Tduylic acid, I eoHo ^» ^^ ^'"^ ^^ obtained from toluidine, 
NH,(CeH,Me). 
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Ite foilowing terms of this series are known :— 



Phenoio aoid 
Collinic acid 
Benzenic acid 



Melting- BoiSiig« 
point. point. 



1 1 • • » ■ 



'''{cbd:o 



" I Vim 



60^. 

above... 110°. 235°. 
Benzoic acid'... *{cOHo ^^^''■*- ^^^°- 



Toloylio acid {c'OH?* ^^^'''^• 

Alplia-toluylic acid j qq^" '^&>-5. 265''-5. 

r e M« TT f i<>3°o. 273°. 

Xy^pacid ohTT„ -^ 126°0. ^^ 

luuuo [l63°Q. = 

Alpha-xylic acid | coi?^^*^^- ' • ^°"^- 

Cuminicacid jc^'o ^^°'*^' 

{C Tilt TT 
COH 



I J J» •'< n 



These acids have the same constitution m tl^pse of the acetic 
series, but contain the C^Ha,., radicals. 

They have been much less studied than the acetic series ; and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycoUic, 
pyruvic, and glyoxylic series bear tp the acetic series. Already 
an acryloid acid of this section is known corresponding to 
alpha-xylic acid : — 

jCOHo' • toOHo 

Alpha-xylio add, Cinnamio noid. 

» t.-tk ...... 

Cinnamic acid is decomposed, like the acids of the acrylic 
series, when heated with fused potassic hydrate ; it gives, under 
thesp circumstances, potassic acetate and benzoate. !For the 
analogous reaction in the acrylic series see p. 132. 
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Atropic acid, obtained by the action of alkalies on atropine, 

cblTo' ^^^ ^^ isomeric with cinnamic acid. 

Salicylic acid (with which ozybenzoic acid and parabenzoic 
acid are isomeric) is the lactic acid of benzoic acid : — 



■ 

{ 



C.H, 
COHo 

Benzoic aoid. 



f C.H,Ho . 
t-COHo ' 

Saliojlic aoid. 

and the oil of meadow-sweet (Spiraa uhnaria) is generally re- 
garded as the aldehyde of salicylic acid : — 

fCeH,Ho 

OxymetJiylrphenylfbrmic add is the lactic representative of 
toluylic acid, from which last-named acid it is prepared. Its 
constitution will he understood from the following graphic 
formula : — 

H 

I 

— C_0— H 



fCH^Ho 
COHo 



H— C=C 



H— C C— H 



H— 0— C- 



o 

II 

C— 0— H 



OxTinethyl-phenylfonnio add. 

The following acids also probably belong to the phenyl-lactic 
series : — 



I Jcresotic a^id {cOH^ 



o 

M 



'»• 



Meltini^ 
point. 

153°. 



Anisic acid {cOT^*" ^^^° 

ParapUoretic acid i COHo ' 

Thymotic acid ••••(§&? ^^OP, 
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BENZOIC ACID. 



( 



OeH, 



COHo* 

MoUeular weight =122. Molecular volume V I 1 . 1 litre of 
benzoic acid vapour weighs 61 criths, Fuses at 121^*4. 
Boils at 239°. 

Occurrence, — ^In many balsams and gums. In putrid urine. 

Preparation, — 1. By the oxidation of oil of bitter almonds 
(p. 112). 

2. Bj the action of fused potassic hydrate on cinnamic 
acid : — 



+ HL. 



fO(C,H.)"H . 2KHo= -[^^^ 4- l°»% 

Cinnamio Potassio Fotaasio Potassio 

acid. hydrate. acetate. benzoate. 

8. By boiling hippuric acid with hydrochloric acid : — 
C.H.NO. + OH, = [%l^ +{o'?io- 

HippTiric Water. Glycollamio Benzoic 

acid* add. acid. 

4. By the action of oxidizing agents on casein or gelatin. 

5. Prom gum benzoin, by sublimation, or by extraction with 
potassic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 

6. Styrol treated with a solution of potassic permanganate 
gives benzoic acid and carbonic anhydride : — 

C,H, + 0. - [%§^^ + CO, + OH,. 

Styrol. Benzoic Carbonic ' Water. 

acid. anhydride. 

Gallic acid is a tetrahydric monobasic acid of the formula 

J C AHo, 
\COHo • 

It may therefore be regarded as benzoic acid in which three 
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atoms of hydrogen have been replaced by three semimolecules 
ofhydroxyl. 

Tannic acid is obtained by the abstraction of one molecule 
of water from two molecules of gallic acid. Its constitutional 
formula is: — 

OOHo 

C.H:,Ho, 

O 

c.h:,Ho, 

OOHo 



CHAPTER XXI. 

IHB ACIDS. 

DIBASIC ACIDS. 
General formula... A(COHo), or {BrcOHoV 

A and B being dyad radicals containing C„HmO{. 

These acids all contain two semimolecules of oxatjl ; and if 
in the general formula n, m, and I bO, oxalic acid will be the 
first term of the series. 

Formation* — ^Many of the dibasic acids are produced by the 
oxidation of substanciBS, the molecules of which are richer in 
carbon, such as oils and fats. Others are found ready formed 
in natu2*e. 

Beaetions, — 1. By the action of dehydrating substances, and 
even sometimes by heat alone, these acids lose water, forming 
anhydrides i- 

fA(COHo) _ OH + {^^^0\ 
tB(COHo) - "^ + \fi(CO";- 

Adid* Water. Anhydride. 
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. 2. If ijie anhydride be submitted td the action of phosphorio 
chloride, an atom of oxygen is replaced by two of chlorine i— * 

Anhydride. Fhosphorio Chloride. Phcephorio 

chloride. ozytrionloride. 

8. Both the anhydrides and. the chlorides are reconverted 
into the acids by the action of water : — 

Chloride. Water. Acid. Hydroohlorio 

aoid. 

^|%e dibaaic acids m&y bd divided into the four following 
series : — 

1. Succinic.oracetpid series '* I C^H** CCOHoV 

In the first member of the series m =0. 

2. Eumaric or acryloid series "I c^lr^icOHoj ' 

3. Malic orlactoid series { g;i::(^^l^^^^^^^ 

4. Tartaric or glyoxyloid series ... { cfcSo(cOH^^^^ 

The first and second series are dibasic and dihydric ; the third, 
dibasic and trihydric ; and the fourth, dibasic and tetrahydrio. 



1. 3507 ^VOOINIO OR AGETOUy 8EBIES. 

COHo 



General formula . . . -i n** t/* ^^ " 



fCOHd 
COHo 



OOHo 
In addition. to oxalic aoid (oxotjl) which many chemists 



Malonicacid •. 
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regard as the firsi; member of this series, tlie following are 

known:—- 

fCOHo 

OK . Fuses at 140^ 
COHo 

rCOHo 
Succinic acid \ q^ • Fuses at 180^ Boils at 235^ 

[OOHo 

fCOHo 

IsoBUccinic acid < OMeH. Fuses at 1^0^ 

lOOHo 

f COHo 
Pyrotartaric acid . .. i O3H, . Fuses at 112°. Boils at 200^. 

i COHo 

COHo 

C.Hg . Fuses at 140^ 

COHo 



Adipic acid 



fOOHo 

Pimelic acid i C,U,, . Fuses at 134^ 

[OOHo 



Suberic acid \ C,K,^ . Fuses at 125^ 



fCOHo 

COHo 

rCOHo 

Anclioic acid < C^Hi^ . Fuses at 116°. 

i COHo 

COHo 

Sebacic acid < C^H^e . Fuses at 127°. 

COHo 

fOOHo 

Eoccellic acid -^ 0„H,. . Puses at 182°. Boils at 200° 

[COHo 

It is obvious that there may be several modifications of each 
of these acids. Thus there are two succinic acids, one con- 
taiaing ethylene, and the other ethylidene (see p. 168) ; — 

fCK(COHo) „„, fOH, 
\OhI(COHo) ^^ tOH(COHoV 



RELATIONS OF THE SUCCINIC SERIES. 
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1. JBelaiions of the Succinic to the Lactic Series of Acids and to 

the Glycols. 

These acids are related to the lactic series and to the glycols 
in the same way as the fatty acids are related to the monacid 
alcohols : — 

f CH,Ho f CH,Ho 

t CH^Ho* t COHo • 

Glycol. Glycollio add. 

This relation, however, does not strictly extend beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acid to paralactic and paraleucic 
acid : — 



fCOHo 
t OOHo- 

Oxalic add. 



f CH,(CH,Ho) 
1 CH,Ho 

Isopropylio glycol. 
(Unlmc 



(Unknown.) 



{ 



0,H,(CH,Ho) 
CH,Ho 

Unknown glycol 



/ OH,(CH,Ho) 
\ OOHo 

Paralaotio add. 

f OA(CH^o) 
t OOHo 

Faralendo add. 



r CH,(COHo) 
t OOHo 

Malonio add. 

/ 0,H,(COHo) 
1 OOHo 

Adipio aoid. 



2. Relations of the Succinic Series to the Dyad Radicals. 

1. The acids of the succinic series are intimately related to 
the dyad radicals, the nitriles or abnormal cyanides of which 
are readily converted into dibasic acids by ebullition with 
potassic hydrate or hydrochloric acid : — 

Abnormal cyanide of Fotasdo Water. Potassic salt of the Ammonia, 

the dyad radical. hydrate. dibasic add. 

2. Some of these acids, when heated with excess of caustic 

baryta, give up two atoms of carbonic anhydride, yielding the 

hydrides of the dyad radicals : — 

fOOHo 

^ C,H,3 = 2C0, + (C,SJ"H,. 

Suberio add. Carbonic 

anhydride/ 

VOL. IT. ' M 
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fCOHo . 

C,H,. = 2C0. + (CA.)"H,. 
COHo 

Sebaoio add. Carbonio 

anhydride. 

These reactions are the analogues, in the dyad series, of 
the process by which marsh-gas is obtained from acetic acid. 
The hydrides of the dyad radicals so obtained are isomeric 
with those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successive stages : — 

In the case of a monobasic acid. 



In the case of a dibasic acid, 



1st 



f CnHj 



•^ ■• { £-J:JgS?3 - «•• - \^ 



I^COHo 



2nd stage... 



CM 



clsr - CO, = {g;g-+^ 



3. Relations oftTie Succinic to the Acetic Series of Acids, 

1, By the loss of the elements of carbonic anhydride, the 
first three members of the succinic series are converted into 
members of the acetic series, containing one atom of carbon 
less : — 

fCOHo _ eo +/^ 

jCOHo - ^^^ +tCOHo- 

Oxalic acid. Carbonio Formio acid, 

anhydride. 



I 



COHo r fHrr 

Malonio Carbonio Aoetie Mid. 

acid. anhydride. 
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'§1 - ««• ^ { s- 



t 



OOHo 

Bnodnio • Oarbonio Propioaio 

add. anhydride. aoid. 



In the first two cases the action of heat alone is sufficient 
to eflfect the transformation ; but in the third the affinity of 
lime for carbonic anhydride must be superadded. 

2. Conversely, the members of the acetic series may be con- 
verted into those of the succinic containing one atom of carbon 
more, by replacing one atom of the hydrogen in the positive 
radical of the acid by cyanogen, and then boiling with potassic 
hydrate : — 

Cyanaoetio aoid. Potaasio Fotasaio malonate. Ammonia. 

hydrate. 

The conversion of formic acid into oxalic acid, by heating 
with potassic hydrate, also belongs to this class of reactions : — 

COH. + 2KHo = (gOg ^ joH. + H, 



f 



Formioaoid. Fotassio Potassic Water, 

hydrate. oxalate. 



SUCCINIC Acm 

fCOHo 

[cobo 

Fuses est 180°. BMs at 235°. Dissolves in 20 parts of cold 
water, 

Occwrrenee,'-r1ji amber ; in some kinds of lignite ; in the 
resin of some kinds of pine ; also in many other vegetable and 
animal substances. 

Formation, — 1. By the action of potassic hydrate upon ab- 
normal ethylenic cyanide (p, 161) : this reaction proves that 
succinic acid contains ethylene, and that its constitutional for- 
mula is as given above. 

h2 
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2. By the oxidation of butyric acid by nitric acid : — 

Bn^pric acid. Socoiiiic aoi<L Water. 

The nature of this reaction is more clearlj seen with fully 
developed formulae, thus : — 

rCH, fCOHo 

c5 + 0. = g| + OH,. 
[COHo tOOSo 

Butyrio adcL Soooimo add. Water. 

8. Bj the reduction of malic acid by fermentation, or by 
hydriodic acid :— 

fCOHo rCOHo 

JCHHo „ _ JCH, 

COHo [COHo 

Malic add. Succinio add. Water. 

4. By the reduction of tartaric acid by hydriodic acid : — 
'^COHo fCOHo 

cSio + 4HI = g^ + 20H. + 21,. 
^COHo [cOHo 

Tartaric Hydriodic Succinio Water, 

acid. acid. acid. 

It is evident that this reaction is perfectly analogous to that 
by which lactic acid is transformed into propionic acid (p. 125). 

5. The two isomeric acids, fumaric and maleic acids, are 
converted by nascent hydrogen into succinic acid : — 

rCOHo 



■2 



+ OK. 



/COHo 

;cH 

"|CH 
{OOHo 



+ H, 




+ s. 



OH, 
CH, • 
COHo 

Succinic acid. 

rcoHo 

J OH, 
I OH, • 
[COHo 

Succinio acid. 
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6. By boiling ethyUc /J cjanopropionate with solution of 
caustic potash : — 

fCW" fCOKo 

- ^^ + 20KH + OH3 = ^ g]^^ + HEto + ira,. 
OOEto Coko 



Ethylio p Suooinio Alcohol. Ammonia, 

(^anopropionate. add. 

The two processes by which succinic acid is generally pre- 
pared are, the distillation of amber and the fermentation of 
calcic malate. 

Seactions. — 1. By distillation, succinic acid splits almost 
entdrdy into succinic anhydride and water :- 



fCOHo 

C^, = 
OOHo 






fCO , 

C,H, O + OH,. 
CO ' 



Suooinio Sncoinio Water, 

acid. anhydride. 



2. Under the action of nascent oxygen produced by electro- 
lysis, succinic acid yields ethylene, carbonic anhydride, and 
water : — 

r COHo 
C,H, + = 0,H, + 2C0, H- OH,. 
COHo 

Snociiiio Stbjlene. Carbonio Water, 

acid. anhydride. 

8. Succinic acid may be boiled for hours with concentrated 
nitric acid without suffering any change ; neither is it affected 
by a mixture of potassic chlorate and hydrochloric acid ; but it 
produces acetic acid when distilled with sulphuric acid and 
manganic oxide. 

4. Succinic acid forms three kinds of salts, viz. : — 

Normal. Acid. Superadd. 

fCOMo fCOHo fCOHo 
^C,H, . -^C,H, . ^C,H. ,. 
[ COMo [ OOMo [ OOMo 

CO , 

C,H, Mo". 
CO 1 



fCOHo 
0,H, 
COHo 
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ISOSUCCINIC ACID. 

OOHo 

CMeH. 

O0H6 

^Puies at 130°. Dimohes in 6'4i parts of cold water, 

JPormation. — ^By boiling ethyUc a cyanopropiouate with sola- 
tion of caustic potash : — 

fOOKo 
CMeH + HEto + NH,. 
COKo 



['/' 



fCN 

\ CMeH + 20KH + OH, = \ 

[ COEto 

Ethjlio 
a oyanopropionate. 



Saccinic 
add. 



AloohoL Ammonia. 



CHAPTER XXII. 

THE ACIDS. 

2. FUMABIQ OB ACETLOIB SERIES. 

General formula ..." | c^H^Z'fcOHo) ^"^ 0,Ha,,,(COHoX. 

In this series there are three isomeric acids containing four 
atoms of carbon, viz. 



Fonirala. 

C",H,(COHo),; 



ttg^lt 



Eumaric acid 

Maleic acid 

Isomaleic acid 

and three other isomeric acids containing five atoms of carbdn, 

viz. 

Itaconic acid \ 

Citraponic acid I ^(Oj^H.CCOHo),. 

Mesaconic acid J 

Constitutional notation predicts the existence of a fourth 
acid belonging to the four-carbon group. The following are 
the four possible formula for these acids : — 



ISOMERISM IN THE PUMARIC SERIES. 
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No. 1. 

A 

I 

c=o 

H— C>. 



0=0 

I 

o 

I 

H 



No. 2. 

A 
A_o 

H— C— H 

I 
CD 

A 
i 



No. 3. 



A 



c=o 



No. 4. 
H 

I 
O 

H C=0 



H— C— C— H 

"A=o 



C=C 



H 0=0 



A 



O 



H 



H 



iCOHo 
)OH 
"|CH 
iOOHo 



rCOHo 
C("CH)H. 
COHo 



fCOHo 

\ CMe". 
[COHo 



COHo 
CH, 
C 
COHo 

Of these formula, Nos. 1 and 2 represent fumaric and maleic 
acids. Data are still wanting to enable its own particular for- 
mula to be assigned to each of these acids ; but the first two 
formula must belong to fumaric and maleic acids, because both 
these acids yield succinic add under the influence of nascent 
hydrogen, thus : — 



No.1. 

iCOHo 

)CH 
'icH 
'{COHo 

No. 2. 

COHo 
CH, 
"C 
COHo 



+ :i^ = 



+ H, = 





H 




A 


rcoHo 

COHo 


0=0 
H H 
H— 0— H 




rcoHo 

= ICH, 


0=0 


COHo 


1 





H 


Snodnio acid. 


Suooinio aoid. 
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noc 



That succinic acid contains ethylene (n\ q^) and 

ethylidene I \ /'q^; f ^® proved by its formation from abnormal 

ethylenic cyanide (p. 161) ; but formulae Nos. 3 and 4 give, by 

the addition of two atoms of hydrogen, the formula of isosuc- 

cinic acid containing ethylidene, thus : — 

H 

A 

fCOHo 



No, 3. 
fOOHo 

^C("CH)H + E 
[ COHo 



CMeH. 
COHo 



No. 4. 

fCOHo 
■{ CMe" 
I COHo 



H C=0 

I I 
H-pC— C— H 

I I ^ 
H C=0 



i 



fCOHo 
H. = -! CMeH. 
COHo 

I 
H 

l808uocinio acid. Isosuccimo add. 

Pumaric acid combines directly with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinic acid. The following 
formulae show the nature of this isomerism : — 

Corresponding to No. 1. 

O H H 

rCOHo 
CHBr 
CHBr 
COHo 



II . . 

c— c— c— c 

A 



O Br Br 



H 



I 
H 



Corresponding to No. 2. 

O H Br O 

rcoHo I' I I II 

[QOUo O H Br 

H H 



FVHASIC OS ACRYLOID SERIES. 
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When acted upon by nascent hydrogen, both these isomeric 
bromo-acids produce, as might be expected, the same succinic 
acid: — 



rCOHo 
OHBr 
CHBr 
COHo 



rOOHo 
JCH, 
CBr, 
LCOHo 






+ H, = 



+ H, = 



rooHo 

, OH, 
ICH, 
(.COHo 

Snocinio 
acid. 



rcoHo 

CH, 
CH, 
COHo 

Snocinio 
acid. 



+ 2HBr : 



Hjdrobromio 
acid. 



+ 2HBr. 



Hjdrobromio 
acid. 



Inasmuch as formula Nos. 1 and 2 belong to fumaric and 
maleic acids, it follows that one of the two remaining consti- 
tutional formulad must be that of isomaleic acid. It is impos- 
sible at present to determine which of these formula is to be 
assigned to this' acid ; but in any case' there can scarcely be a 
doubt that isomaleic acid, when treated with nascent hydrogen, 
will yield isosuccinic acid, as shown above. 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
viz. itaconic acid, citraconic acid, and mesaconic acid. There 
are no less than eleven possible formulae for this five-carbon 
group of acids ; but the three individual formulae belonging to 
the three known acids cannot at present be determined. The 
foUowing four formula wiH serve as specimens of the whole, 
and as illustrations of the cause of isomerism in these acids : — 
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Ho. I. 

H 



O 



C=0 
H— C->, 
H— cJ 



H_C_H 

A 

.COHo 
iCH 
fCH . 
JCH, 
^OOHo 



Ho. 2. 

H 



O 



C=0 

I 
CD 



H 



I 



H— C— H 

0=0 

I 
O 



< 



H 

^COHo 
"O 
OH, 
OH, 
OOHo 



V- 



No. 3. 
• H 



I 



=0 



H— C— H 

I 
CD 

H— C— H 



< 



0=0 

i 

I 

H 

''COHo 
OH, 
O 

OH, 
OOHo 



V. 



No. 4. 
H 



<!=o 



i 

i 



H H— 0— H 

I 
=0 

I 
0=0 

I 

o 

I 

H 



fOOHo 
OH, 

OMe" • 
OOHo 



Itaconic, citraconic, and mesaconic acids staad in tbe same 
relation to pjrotartaric acid aa famario and mtdeic acids occupy 
with regard to succinic acid ; for, when submitted to the action, 
of nascent hydrogen, they all yield the same pyrotartario acid ; 
and it is therefore highly probable that the first three of the 
above formuls belong to these acids. The fonnula of pyro- 
tartario add is 
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^COHo 
CH, 
CH, 
CH, 
COHo 



H 

I 
O 



H— C— H 



H— C— H 
H— C— H 

I 

H 



Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascent hydrogen 
into the same pyrotartaric acid. 

By the action of hypochlorous acid on itaconic acid and 
subsequent; replacement of the chlorine by hydroxyl, itatartaric 
acid is formed : — 



,OOHo 

OH, 
t^OOHo 

Itaoonio add. 



I 



rcoiBio 

CHHo 
CHCl 
OH, 
L.COH0 



^OOHo 
OHHo 
< CHHo 
OH, 

^OOHo 

Itatartario add. 



Itatartaric acid, by distillation at 125% gives carbonic an- 
hydride, water, and pyroitauvic acid, which appears to belong 
both to the lactic and the acrylic series of acids. 



rOOHo 
CHHo 
^ CHHo =» 
OH, 
^OOHo 

Itatartario add. 



CO, + OH, 



/,fOHHo 

^cobo 

Fyroitaavio add. 
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CHAPTEB XXni. 

TH£ AOIDS. 

3. MALIO OB LAOTOm SUSIES. 



^--1 f«--^ { o:S:(color°^ «' 



fCOHo 

C»Ha,_iHo. 

COHo 



Only two acids belonging to this series are known, viz. 
tartronic acid and malic acid. Like lactic acid, they both con- 
tain a semimolecule oi non-oxatylic hydroxjl: — 

H 



o 6 



fOOHo 

Tartronic acid \ OHHo. C— C — C 

loOHo I I I 
OHO 

I I 

H H 

This acid may be regarded as the product of the oxidation of 
glycerin, although it has not yet been so produced. It is ob- 
tained by the gentle oxidation of tartaric acid (p. 175). 

H 



fOOHo II i II 

MaUcacid -j CMeHo. C C C 

^''^ ^' ^^'^ w -i tV -i 

ttCff ] Ccrfl U H H 

Malic acid may be viewed as the product of the oxidation 

fCH,Ho 
of the hitherto undiscovered butyl glycerin, i CMeHo. 

[ CH,Ho 

This acid is contained in apples, and in many other fruits. 
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When gentlj heated with potassic hydrate, hydrogen is 
evolred, potassic oxalate and acetate being produced :— 



fCOKo 
i CMeHo 
lOOKo 

Potaamo 
malate. 



+ KHo = 



Potaaalo 
hydrate. 



fOOKo 
tCOKo 

Potaasio 
oxalate. 



+ {c^Ko + ^- 



Potasflio 
acetate. 



4. TABTABIO OB GLTOXYLOID 8JEBIHS. 

This series contains at present only two members ; but these 
have numerous isomers, which have been studied, however, 
only in the case of the first. Like the glyoxylic series, these 
acids contain two semimolecules of non-oxatylic hydroxyl. 



Tartaric acid 



OOHo 
OHHo 
CHHo- 
OOHo 

rCOHo 
Homotartaric or glyco- J qxt^-q 

tCOHo 



malic acid 



There are four possible constitutional formulae for tartaric 
acid, viz. : — 



A. 

COHo 
CHHo 
CHHo- 
COHo 




C. 

CH,Ho 

CHo(COHo). 

COHo 



D. 

f CHHo, 
CH(COHo). 
COHo 



The known varieties of tartaric acid are also limijbed to four, 
viz.: — 

1. Pextrotartaric or common tartaric acid, so called from its 
property of causing the plane of polarization of a ray of light 
to rotate to the right. 
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2; LsBVotartaric acid, wUoh turnd thd plane of polarization 
to the left. 

3. Inactive tartaric acid, wMcIl does not affect the plane of 
polarization. 

4. Metatartaric acid. 

It has been already shown (p. 164) that deztrotartaric acid 
yields succinic acid under the influence of hydriodic acid, 
whilst it has also been ascertained that inactive tartaric acid 
likewise produces succinic acid under the same circumstances. 
These reactions 'indicate A. and B. to be the formulsB of the 
dextro- and inactive tartaric acids. The formulsd C. and D. 
possibly belong to Isevo- and metatartaric acids, in which case 
these acids, when treated with hydriodic acid, ought to yield 
isosuccinic acid. Thus — 

r CH,Ho 

\ CHo(COHo) + 4HI = 20H, + 21, 

[ COHo 

r CH3 r COHo 

+ ^CH(COHo) or ^ CMeH. 
[ COHo [ COHo 

IsosuociiuG aoid. 

Sacemic acid is a compound of dextro- and Isevotartaric 
acid. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartaric acid cannot be resolved into dextro- and 
IsBVO-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
mosuccinate : — 

rCOAgo fCOHo 

J CHBr , oftrr « J CHHo . oa^-r. 

CHBr "^ ^°^« ^ 1 CHHo + ^^^^''' ■ 
^ COAgo I COHo 

Argentic dibromo" Water. Inaotiye tartaric Argentic 

saooinate. acid. bromide. 

The converse of this reaction is the transformation of tar- 
taric acid into succinic acid by means of hydriodic acid (see 
p. 164). 
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Metatartarie acid is produced by fusing dextrotartaric acid. 
Beactions. — 1. Dextrotartaric acid, when treated with 
powerful oxidizing agents, gives formic acid. 

2. Under the influence of yery gentle oxidizing agents, tar- 
tronic acid is formed : — 

g^^o + 0, - -^CHHo + CO, + OH, 

Tartario Tartronio Carbonio Water, 

aoid. add. aahydride. 

3. Heated with fused potassic hydrate, tartaric acid gives 
potassic oxalate and acetate, but without evolution of hy- 
drogen: — 

fCOHo 
iCOHo 

Tartaric Potaasio Potassic Potassic Water, 

aoid. hydrate. oxalate. acetate. 



OTSUB SUBIES OF JDIBASIG AOIDS. 

There is evidence of the existence of other series of dibasic 
acids, which may be regarded as derivatives of benzole or as the 
hexacarbon representatives of the succinic, famaric, and tar- 
taric series. The following are examples : — 

OH HO 

II I I II 

H— 0— C— C c— c— 0— H 



6— H H— ( 



CeH,,(COHo),. H— C— H H— C— H 

H— C C— H 

H H 

HezahjdrophthaUo acid (Hezaoaibon-MioaiAie leries). 
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H H 



H— 0— C— C _i_(Lo— H 

C,H,Ho,(COHo),. I I 

H— C— H H— C— H 

H— C C— H 

I I 

H H 

Tartroplithalio acid (Hexacarbon-tartaric leriei). 

o 

H— O— C— C c— C-O— H 

C.H,(COHo),. H-C— H H— C— H 

H—C 0— H 

i A 

. Tetrahjdrophthalio aoid (Hezaoarbon-fiimario series). 

The existence of another series of dibasic acids derived from 
hydrocarbons of a C„Il2„_i8 series is indicated by the formation 
of anthraquinonic acid, which is identical with alizarin, the chief 
colouring- matter of the madder root. By oxidation, anthracene 
(Ci^Hio) yields anthraquinone (Cj^HgOa), which, when heated 
strongly with sulphuric acid, is converted into disulphanthror- 
quinonic acid, which has probably the following constitution : — 

CO(S'vO,Ho) 

CO(SivO,Ho) 

When disulphanthraquinonic acid is heated with potassic 
hydrate to a temperature of about 180° C, it becomes intensely 
coloured, and is found to be converted into potassic alizarate 
(potassic anthraquinonate) :— 
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CO(S'^0,Ho) 
(0„HJ' + 

CO(S''0,Ho) 

DisQlphanthraqmnonio 
acid. 



60KE = 



Potassio 
hydrate. 

+ 40Ha. 

Water. 



COKo 
COKo 



Potassic 
alizarate. 



2SOK0, 



Potassic 
sulphite. 



On the addition of an acid to an aqueous solution of potassic 
alizarate, alizaric acid (Cj2Hg(COHo)2), identical in properties 
with the natural alizarin of madder root, is precipitated. 

AnthraflaviG acid (Ci2H6(COHo)2), isomeric with alizaric 
acid, but possessing no tinctorial properties, is usually simul- 
taneouslj formed in the above reactions. 



CHAPTER XXIV- 



THE ACIDS. 



TBIBASIC ACIDS. 



The tribasic acids all contain three semimolecules of oxatyl. 
They may be divided into the following three series, each series 
being, however, at present only represented by one acid. 

1. Tricarballylic or acetoid series ; — 



Tricarballylic acid ... 



CH,(COHo) 

OH(OOHo) . 

[ CH,(COHo) 



2. Aconitic or acryloid series : — 

JCH(COHo) 

Aconitic acid jC(COHo) . 

iOH,(COHo) 

VOL. 11. IT 
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3. Citric or lactoid series: — 

f CHHo(COHo) 

Citric acid < CH(COHo) . 

[ Ca,(COHo) 

Tricarbalh/Uc acid is trihydric. It is obtained from glycerin 
by replacing the hydroxyl in the latter by cyanogen, and then 
acting upon the tricyanhydrin,so formed, bypotassic hydrate : — 

r CH,(CN"') r CH,(COKo) 

i CH(CN"') + SKHo- + 80H;,'= < OH(COKo) +8NB3. 

[ CH,(CN"') i OH,(COKo) * 

Tricyan- Fotawio Wftter. Potascdo trioaxb* Ammonia, 

hjdxin. hydjrate. alljlate. 

Aconitic add (equisetic cund, citridic acid) is also trihydric. 
It is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Aconitic acid is also pro- 
duced by the action of hydrobromic acid upon citric acid, the 
reaction taking place in the two following stages : — 

r CHBr(COHo) 



r CHHo(COHo) 
\ CH(COHo) 4- HBr = 
[ CH,(COHo) 



CH(COHo) + OH,; 
{ CH,(COHo) 



Citric add. Bromotiioarballylio add. Water. 

f CHBr(COHo) „/CH(COHo) 

4CH(COHo) = )C(COHo) + HBr. 
[ CH,(COHo) tOH,(COHo) 

Bromotricarballylic add* Aoonitio add. 

Heated to 160*^, aconitic acid is converted into itaconic acid : — 

/COHo 
,JCH(COHo ]CH 

>0(COHo) = "{CH + CO,. 
CH,(COHo) / CH, 

t CJOHo 

Aconitic add. Itaconio Carbonic 

add. anhydride. 

Oitric acid is tetrahydric, and contains, therefore, like lactic 
acid, one semimolecule of non-oxatylic hydroxyl. It is found 
in the free state in oranges, lemons, citrons, and many other 
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j&uitfl, also in the potato and the onion. By the graduated 
application of heat, citric acid yields aconitic, itaconic, and 
citraconic acids. At the earlier stage of the decomposition it 
also yields acetone. Heated with fused potassic hydrate it 
gives potassic oxalate ancj acetate : — 

CHHoCCOHo) r c^^^^ c CTT 

I SSSoS?) "^"^'^ ^ °^^^ ^ ' ^ C?io+^OH,. 

Citric add. Potasrio Fotassio Potassic Water. 

hydrate. oxalate. acetate. 

By being heated with hydriodic acid, citric acid is trans- 
formed into tricarbaUylic acid : — 

CHHo(COHo) f CH/COHo) 

CH(COHo) + 2HI = ^ CH(COHo) + OH, + I,. 

CH,(COHo) l CH,(COHo) 

Citric add. TricarbaUylic add. Water. 

Desoxalio acid is closely connected with citric acid ; it is hexa- 
hydric, and may be regarded as citric acid in which two atoms 
of non-oxatylic hydrogen have been replaced by hydroxy 1. Its 
constitutional formula is probably 

f CHHo(COHo) 

^ CHo(COHo) . 

^CHHo(COHo) 

It is obtained from the product of the action of sodium upon 
oxalic ether. 



TJETBABASIC JITD JIJEXA BASIC AGIDS. 

Fyromellitic add (CeHaCCOHo)^ and mellitie add 
(Ce(COHo)e) are instances of acids of these degrees of basicity ; 
and it can scarcely be doubted that an intermediate pentabasic 
acid will be found to exist. The following graphic formula of 
meUitic acid shows the relation of this acid to benzol, and indi- 

n2 
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cates the constitutional formula of the other acids built upon 
the same type and mentioned below : — 

Mellitio add. 

O 

II II 

: H— 0— C— C=C— C— 0— H 



II II 

H— 0— C— C C— C— 0— H 

II II 
jl_0— C— C— C— C— 0— H 

•II II 

o o 

Five out of the six possible acids thus related to benzole are 
now known. Their names and fornmlee are given in the fol- 
lowing Table : — 

Benzoic acid OgHgCCOHo). 

Phthalic acid. 

IsophthaHc acid j. CeH,(COHo),. 

Terephthalic acid 

Trimellitic acid. 

Trimesicacid V C,H3(COHo)3. 



imemtic acid ^ 

imesic acid V 

3mimeUitic acid ...J 



HemimeUitic 

Pyromellitic acid "j 

Prehnitic acid I OeH,(COHo),. 

Mellophanic acid J 

Unknown acid OgHCCOHoV 

MeUitic.acid C,(COHo)e. 
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CHAPTER XXV. 

THE ANHYDRIDES. 

The anhydrides are compoimds obtained from the acids hy 
the abstraction of the hydrogen of their hydroxyl, together with . 
sufficient oxygen to form water. 

"For every two atoms of hydrogen and one of oxygen thus 
abstracted from hydroxy!, there will obviously remain one atom 
of oxygen, which, as a dyad element, exactly satisfies the two 
bonds vacated by the hydroxyl : — 

2Ho = OH, + O". 

HydrozyL Water. 

On this account, two molecules of a monohydric acid are re- 
quired to form one molecule of anhydride, thus : — 

fCMeO 
2CMeOHo = iO + OH,. 

[ CMeO 

Acetic acid. Aoetio . Water. 

anhydride. 

The anhydrides of those monobasic and dibasic acids which 
contain one and two semimolecules of hydroxyl have alone 
been investigated. 

They may be divided into the following classes : — 



1. Anhydrides of the 



CO 



monohydric mono-< O and -^ 



I CO 



basic acids 



2. Anhydrides of the 
dihydric monobasic ' 
acids 

3. Anhydrides of the 
dihydric dibasic' 
acids 



CO I CO 

..C^Ha^l l^CnH2„_7 

C(C»H2„+l)2 

O. 
CO 



rco — n 

CnHgn O. 

CO — I 
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THE ANHYDRIDES. 



1. ANRTDBIDJE8 OF TEE MONOSTBBIG 

MONOBMIG AOIJDS. 

These are known only in the acetic and benzoic series. 

They bear the same relation to the acids from which they 
are derived as that borne by the ethers to the alcohols. 

The residues of different acids unite to form mixed anhy- 
drides anologous to the mixed ethers. Aceto-benzoic anhy- 
dride is a body of this class. 

Formation, — By the action of the chloracids, or so-called 
chlorides of the monad negative radicals, on the potassic salts 
of the acids : — 

C(aH2„+i) OKo + C(C„H,^,)0C1 = -^ O + KCl. 



Potassic salt. 



Chloraoid. 



Anhydride. 



Potassic 
chloride. 



Reaction. In contact with water they are converted into the 
corresponding acids :— 

\0 + OS, = 2C(aH2„+0OHo. 

Anhydride. Water. Add. 

The following is a list of the anhydrides belonging to this 
class : — 



Acetic anhydride 



Propionic anhydride ... 



Butyric anhydride , 



Valeric anhydride 



CMeO 

O 

CMeO 

rcEto 

O 
CEtO 

rCPrO 
O 
CPrO 

rCBuO 
O 
CBuO 



rC(0H3)0 
or \ O 

ic(CH3)0 

rC(CA)0 
or s O 

lC(C,H,)0 

fC(C3H,)0 
or i O 

I. C(0,H,)0 

C(C,H.)0 
or -{ O 

c(CA)o 



Fusing; • Boiling 
point. point 



138°. 



165°. 



about 190°. 



about 216°. 
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Oaproio anhydride -I O 



fCAyO 
O 
CAyO 



OP • 



(Enanthylio anhydride. 



Benzoic anhydride. 



Aoetobenzoic anhydride 



Oaprylio anhydride ... 



CCpO 
O 
[CCpO 

C(CeH,)0 

C(CeH,)0" 
rCMeO 

C(CeH,)0" 
r C(C,H„)0 

[ C(C,H,,)0 ' 

r C(C3Hi^)o 

Pelargonio anhydride. . - O 

IC(0,H„)0 

■O(0„H,J0 
'.0(0„H300" 



or 



O(0.H„)O 

C(0,H„)0 
O(0.H„)O 

L C(C,H„)0 



Fnsing- 
point. 



42' 



Falmitio anhydride ... 



Boiling- 
point. 



310^ 



120°. 



below 0°. about 290°. 



+5^ 



53-°8. 



2. ANRYDEIBES OF THE BIRTDEIC 
MONOBASIC ACIBS. 

Formation, — "By applying heat to a dihydric monobasic acid, 
thus : — 

rCMeHHo rCMeH^ , ott 

jCOHo = JCO ^ + ^^»- 

Laotio add. Lacjide. Water. 

(Lactio anhydride.) 



Beaction. — ^Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were derived : — 

fCMeH^ , ^-p. fCMeHHo 

I CO ^ + OH, = jcOHo. • 

Laotide. Water. Lactio acid. 
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3. ANRTDMILm OF TSJS BISTDBIO 

DIBASIC ACIDS. 

Formation. — "Bj the action of heat, or of substances having 
a strong aflSnity for water, upon the dihydric dibasic acids : — 

fCOHo fCO , 

C,H« = Jc,H, O + OH,. 
OOHo [cO 1 

Sucdnio Succinio Water, 

add. anhydride. 

Reaction. — Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were derived. 



CHAPTER XXVI. 

THE KETONES. 

The ketones are derived from the fatty acids by the substitu- 
tion of the hydroxyl of the latter by a monad positive radical ; 
they thus resemble the aldehydes in constitution : — 

fCH, fCH, fCH, 

t OOHo- t OOH \ OOMe- 

Aoetio ^ Acetic Acetone, 

add. , aldehyde. 

The ketones may also be correctly described as compounds 
of carbonic oxide with monad positive radicals, thus : — 

COMe,. 

Acetone. 

By the action of nascent hydrogen upon the ketones, they 
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are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield normal alcohols : — 

tCOMe "^ -^8 - \OMeHHo- 

Aoetonet Isopropylio 

aloohoL 

Ketones, unlike aldehydes, do not oxidize spontaneously; 
neither do they reduce ammoniacal solution of argentic oxide. 

Like aldehydes, many of them combine with hydric potassio 
or hydric sodic sulphite. 

Ibrmation, — 1. By the action of the zinc compounds of the 
positive monad radicals upon chloracids :— 

ChloriMnd. Zinc oomponnd. Ketone. Zindo 

chloride. 

2. By the action of sodic ethide and its homologues on car- 
bonic oxide : — 

CO + 2Na(C.H^0 = { cfe^O + ^*'- 

Carbonio Sodium compound. Ketone, 

oxide, 

3. By the distillation of the salts of the fatty acids :— 

Potassio salt Ketone. Potassio 

of ffttty add. carbonate. 

4. By distilling together salts of two different fatty acids, ke- 
tones containing two different positive radicals are obtained : — 

fCEtH, , fOH, fCEtH, . cp.^^ 

Potassio Potassio Propybnethyl Potaesic 

bntjrate. aoetate. ietone. carbonate. 

6. Numerous ketones may also be produced by the following 
series of reactions. 

By the action of sodium upon ethylic acetate hydrogen 
becomes replaced by sodium : — 

tCOEto + ^^^2 - jcOEto + ^- 

Ethylic aoetate. Ethylic disodacetate. 
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The ethylic disodacetate is acted upon by excess of etbylie 
acetate as follows : — 



f CHNa, 
I OOEto 

EthyUc 
disodacetate. 



+ COMeEto = 

Ethjlio acetate. 



fCOMe 
CHNa 
COEto 



+ NaEto. 



Ethylio sodaceto- 
aoetate. 



Sodic 
•thylate. 



When ethylio iodide is added to ethylic sodaceto-acetate the 
following reaction occurs : — 

COMe f COMe 

CHNa + EtI == ^CHEt + Nal. 
[ COEto [ COEto 



I 



Ethylio sodaceto- 
acetate. 



Ethylic 
iodide. 



Ethylic ethaceto- 
acetate. 



Lastly, ebullition of ethylic ethaceto-acetate with potassic 
hydrate converts it into ethylated acetone, alcohol, and potassic 
carbonate : — 

fCOMe 



CHEt + 2KHo = ISS"^? 
COEto I ^^^^^ 



+ EtHo + COKo^. 



Ethylio ethfiweto- 
acetate. 



Potassic 
hydrate. 



Ethylated 
acetone. 



AloohoL 



PotaasiQ 
carbonate. 



Ethylated acetone is obviously acetone in which one atom of 
hydrogen has been replaced by ethyl. 

A second iatom of hydrogen in acetone may be replaced in the 
following analogous series of reactions : — 



CH. 



COEto 

Ethylic acetate. 



+ SNa, 



{ 



3H,- 



fCNag 
\ COEto 

EthyUo 
trisodacetate. 



+ COMeEto = *^ 



Ethylic 
acetate. 



COMe 

CNa, 
COEto 



+ 2EtI =i 



Ethylio disodaceto- Ethylic 
acetate. iodide. 



CNa, 
COEto ^ 

Ethylio trisodacetate. 

COMe 
C^a, + 

COEto 

Ethylic disodaceto- 
acetate. 

fCOMe 

^CEt, + 2NaL 

(COEto 

Ethylio diethaoeto- 
acetate. 



NaEto. 



Bodie 
ethylate* 
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f COMe f eoTM-A 

\ CEt + 2KHo = \ «i!f^ + EtHo + COKo,. 

Ethylic diethaceto- Potawlo Diethylated Aloohol. Potaisio 

acetate. hydrate. acetone. oarbonate. 

6. By the action of zincic ethide on the chlorides obtained 
from the dibasic acids, ketones containing dyad radicals are 
produced ; thus : — 

Succinylic chloride submitted to the action of zincic ethide 
gives ethylene diethylic ketone : — 



CO CI 

C,HJ' + ZnEt, = 
[ OOCl 



i( 



f OOEt 
(C,H,)" + ZnCl,. 
COEt 



Snocinylio Zindo. Ethylene diethylio Zinoio 

chloride. ethide ketone. chloride. 

The following is a list of the names, constitutional formulsB, 
'and boiling-points of those ketones which are best known : — 

Boiling- 
point. 

{CH 
coke ^^• 

Methylated acetone. 

(Hthyl acetyl, ^{qq^' 81°. 

thyl acetone.) 

'^Dimethylated ace- ^ ^^^ __ 

tone. {Ethyl ace- 1 qq^ 93°-5 

tone,) 



o 

• I— I 
%4 






o 



Ethylated acetone ..{coii^e •^^^'*' 

Propione. {Ethyl {OKoS^ jq,o 

propionyh) \COEt 

I fMethylvaleral {gj^^ 120P. 



o 



.2 ^ 

U 

I' 
o 

QD 
M 



Ethyl butyral {g^*^ 128°. 

Diethylated acetone {q^^ 138°. 

.Butyrone {ggg> 144°. 
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Little is known of the ketones of the C,,Ha»-7 series. The 
following have been obtained : — 

JSenzophenone f \ qq/q g- \\ *^6 ketone of benzoic acid, is 

obtained by heating potassic benzoate. 

Methyl benzole or methyl benzoyl f \ ^Sjp tt \ ) is prepared 

by distilling together calcic acetate and benzoate. 

Phthalylic chloride, treated with zincic ethide, produces 
phenylene diethylic ketone : — 

f COCl f OOEt 

(OeHJ' + ZnEt, = ^(C«HJ' + ZnCl,. 



COCl 

Phthalylic 
chlorit 



yiic 
de. 



Zinoic 
ethide. 



COEt 

Phenylene di- 
ethyUo ketone. 



Zincic 
chloride. 



CHAPTER XXVII, 

ETHEBEAL SALTS. 

These compounds correspond to the metallic oxysalts of the 
acids. 

The acids from which they are derived may be either mineral 
or organic ; but the base must always be organic. The haloid 
ethereal salts are excluded from this family ; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 



.OH, 
COKo 


+ 


KHo 


= 


/CH3 

COKo 


+ 


OH,. 


Acetic acid. 

/OF, 
■ COHo 


+ 


Potassio 
hydrate. 

EtHo 


s= 


Potassio 
acetate. 

fCH, 
\COi3to 


+ 


Water. 

OH,. 


Acetic add. 




Ethylio 
hydrate. 




Ethylio 
Metate. 




Water. 



But as the hydrates of the organic radicals do not act upon 
acids so energetically as potassic hydrate, it is often advisable 
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to employ the acid in the form of a potassic salt, and the radi- 
cal as a sulphoacid ; thus, with acids of the acetic series : — 

SO,Ho(C.H,^,0) + {%'^l^^ = { g-^^k^^o)+ SO^HoKo. 

Bnlphoadd. Fotassio Ethereal salt. Hydrio potassio 

salt. Bolpnato. 

Monobasic acids form only one ethereal salt with each mono- 
hydric alcohol ; and this salt is always normal. 

"With dihydric alcohols they each form two ethereal salts, 
and with trihydric alcohols three ethereal salts. These are 
also normal. Thus with acetic acid we have : — 

Acetic salt of a monohydric alcohol : — 

/OH3 
\ COEto* 

Etbylio acetate. 

Acetic salts of a dihydric alcohol : — 

f CH,Ho f CH,-0-CMeO 

t CHj-O-CMeO- \ CH,.0-CMeO- 

Monacetio glycol. Diacetic glycol. 

Acetic salts of a trihydric alcohol : — 

f CKHo r CH,-0-CMeO f OH^-O-CMeO 

- CHHo , \ CHHo . \ CH -0-CMeO. 

. OH,-0-CMeO [ OHj-O-OMeO [ OH,-0-CMeO 

Monaoetm. Diaoetin. Triacetin. 

Dibasic acids form, with monohydric alcohols, two series of 
ethereal salts : — 

1. Acid ethereal salts, as : — 

fCOEto 

Succinethylic acid s OJI^ . 

[ COHo 

2. Normal ethereal salts, as : — 

r COEto 

Ethylic succinate ^ ^2^4 • 

t COEto 

In the same manner, tribasic acids form with monohydric 
alcohols three series of ethereal salts, the first two of which are 
acid, and the third normal. 
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Prolonged contact with water generally decomposes ethereal 
salts, liberating the radicals of the bases in the^ form of alco- 
hols : — 

2MeHo. 



SO,Meo, 



+ 20H, = SO,Ho, + 

Meihylio Water. Sulphtuio Methylio 

solphomethylate. Spoid. alcohol. 



Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily: — 

^CH- + KHo = {ggfc^ + EtHo. 



\COEto 



Ethjlio 
acetate. 



Potassio 
hydrate. 



Fotasrio 
acetate. 



EthrUc 
alcohol. 



CHAPTER XXVIII. 

OBaANIO COMPOUITDS CONTAINING TEIAD AND PENTAD NITEOGEN 

OB THEIB ANALOGUES. 

This numerous family may be divided into two great classes : — 

1. Compounds of triad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 



I. COMPOUJWS OF TRIAD NITBOaJSN AND OF 

ITS ANALOGUES. 

This class may be again subdivided as follows : — 



Positive. 

1. Amines. 

2. Phosphines. 

3. Arsines. 



Neutral. 

1. Amides. 

2. Alkalamides. 

3. Trichlorinated and 



Negative. 
1. Imides and 
nitrides of 
negative 



tribrominated amines. 
4. Haloid compounds 
of oxybases. 



radicals. 

4. Stibines. 

5. BismuthineSi 

6. Oxybases. 

Of these the Amines and Amides are the most important. 
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t^OSITITB SeCTIOIT. 

1. THE AMINES. 

The Amines are commonly termed organic bases or artificial 
alkaloids ; they are divided into — 

A. Monamines. 

B. Diamines. 

C. Triamines. 

D. Tetramines. 

The tetramines have been but little investigated. 



A. MONAMINES. 
There are three kinds of monamines : — 

a. Primary monamines. 
p. Secondary monamines. 
y. Tertiary monamines. 



a. Frima/ry Monamines. 

General formulse. 

Methyl or C„H2m-i series N(C„H2^i)H,. 

Vinyl or C„B[2„_i series N(C„H2„_i)H2. 

Phenyl or C^H^^^, series N(C A„-.)H,. 

Formation. — 1. By the reduction of the nitro-substitution 
compounds of the hydrides of the positive radicals by sulphu- 
retted hydrogen, ammonic sulphide, zinc and sulphuric acid, or 
iron and acetic acid : — 

N(C,H.)0, + 3SH, = N(C,e,)H, + 20H, + S,. 

NitrobeiuEol. Sulphuretted Aniline. Water. 

hydrogen. 

2. By treating cyanic ethers with boiling solution of potassic 
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liydrate. The reaction is perfectly analogous to the decom- 
position of cyanic acid with potassic hydrate : — 

ON"'Ho + 2KHo = COKo, + NH,. 

cranio acid. Potassio Potassio Ammonia. 

hydrate. carbonate. 

ON"'Eto + 2KHo = OOKo, + NBtH,, 

Ethylio Potassio Potassio Ethjlamine. 

ojanate. hydrate. carbonate. 

3. By the action of the haloid compounds of the monad 
positive radicals upon ammonia, and subsequent action of 
potassic hydrate upon the product so formed : — 

NH3 + EtI = NE6H3I. 

Ammonia. Ethylio Ethylammonio 

iodide. iodide. 

NEfcHJ + ElHo = NEtH, + KI + OH,. 

Ethylammonic Potassio Ethylamine. Potassio Water, 

iodide. hydrate. iodide. 

The following are a few of the primary monamines : — 

Methylamine NMeH, or N(CH3)H,. 

Ethylamine NEtH, orN(C,H,)H,. 

Buiylamine NBuH, orN(C,H,)H,. 

Amylamihe NAyH, or N(C,H JH,. *' 

Allylamine NAUH, or N(C3H„)H,. 

Phenylamine {Aniline) NPhH, or N(CeH5)H^. 
Tolylamine (Toluidine) NToH, or N(C«H^Me)H,. 

Reactions. — Treated with nitrous acid, they eyolve nitrogen 
and yield the corresponding alcohols : — 

NPhH, + NOHo = PhHo 4. N, + OH,. 

Phenylamine. Kitrous acid. Phenylio Water. 

alcohol. 

/3. Secondary Monamines. 

General formulae. 

Methyl or CnHa^i series N(C„H2„+i)2H. 

Vinyl or C„H2„_i series N(C„H2„_iXH. 

Phenyl or C^2n^^ series TS{CfilEL^^^)^, 



MONAMINES. 193 

The secoudary monamiiies are derived from ammonia by the 
replacement of two atoms of hydrogen by monad positive 
radicals. They are sometimes called Imidogen hoses. 

Formation, — By the action of the haloid compounds of the 
monad positive radicals on the primary monamines, and subse- 
quent treatment with potassic hydrate : — 

NEtH, + EtI = NEfc,HJ. 

Ethylamine. Eth^lio Diethylammonio 

iodide. iodide. 

NEt,H,I + KHo = NEfc.H + KI + OH,. 

Biethjlammonio Potaasio Diethjlamine. Fotasaio Water, 

iodide. hydrate. iodide. 

By using the iodide of a radical different from that already 
contained in the primary monamine, secondary monamiues 
may be formed containing two different radicals, thus ; — 

NPhH, + M = NEtPhHJ. 

Phenylamine. Ethylio Ethylphenylammonio 

(Aniline.) iodide. iodide. 

NEtPhH,! + KHo = NEbPhH + KI + OH,. 

Ethyl^henylam- Fotassio Ethylphenylamine. Potassio Water 

monio iodide. hydrate. (Ethylaniline.) iodide. 

The following secondary monamines are known : — 

Dimethylamine NMe,H or N(CH3),H. 

Diethylamine NEt,H or N(C,H,),H. 

Methylethylamine NMeEtH or NCCHg) (C.HJH. 

Dibutylamine NBu,H or N(C,H,XH. 

Ethylamylamine NEt AyH or N(C^H,)(C,Hjj)H. 

Ethylphenylamine NEtPhH or N(C,H,) CCeHJH. 

Piperidine N(C,HJ"H. 

Conine N(CsHJ"H. 

y. Tertiary Monamines. 

Formation, — 1. Bj acting upon the secondary monamines 
with the iodides of the monad positive radicals, and subse- 
quently treating the product with potassic hydrate : — 

NEt,H + EtI «= NEtgHI. 

Diethylamine. Ethjlic Trief^ylammonio 

iodide. iodide. 

VOL. n. 6 
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NEtjHI + KHo == NEtj + KI + OH^- 

Triethjlammonio Fotassio Triethylamine. Fotassio Water, 

iodide. hydrate. iodide. 

By Tflrying the radicals, tertiary monamines with seyeral 
different radicals may be formed. The following are a few of the 
baown tertiary monamines:^ 

Trimethylamine NMe, or N(CHj)8. 

Triethylamine NE% or NCC^H^X. 

Tribulylamine NBug or N(C^H,)3. 

Triamylamine N-^Ja o^ ^(^5^11)3. 

Methyl-ethyl-phenylamine NMeEtPhor N(CB^)(CJ3.,)(Cfi,). 

Pyridine N(0,HX. 

Picoline NCCeH,)'". 

Lutidine ,. N(C,H.)'". 

CoUidine NiC.'KJ". 

Parvoline N(C,HJ'". 

The constitution of the triad radicals contained in the last 
five bases is not known. 

2. When phenylammonic chloride (aniline hydrochlorate) and 
methylic alcohol are digested together .at from 280° to 300°, 
the non-phenylic hydrogen becomes replaced by methyl, 
thus: — 

NPhHgCl + MeHo = NPhMeH^Cl + OH,. 

Phenylammonic liCethylio Ijlethylphenylammonio 

chloride. alcohoL chloride. 

NPhMeH,Cl + MeHo = NPhMe,Ha + OH,. 

Hethylphenylammonio Methylio Dimethylphenylammomo 

chloride. alcohol. chloride. 

By continuing the digestion longer, the phenylic hydrogen is 
also replaced by methyl according to the following reaction :-^ 

NCC^HJMe^HCl + MeHo « N(C«H,Me)Me,HCl + OH,. 

Dimethylphenylammoiio Methjrlio Dimethyltol^lammonio 

chloride. alcohol. chloride. 
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By these reactions the following tertiary monamines liave 
been produced : — • » 

Dimethylaniline '.... N(CeH5)Me2. 

DimetVltoliiidine ,...,,.... N(C,H,Me)Me,. 

Dimethylxylidine ;.: :. . . . ^(CQ^^Me^)M.e^. 

Dimetliyleumidine 'N(Cfl^MG^)M.e^. 

Dimethylcymidine : N(CeHMeJMe2. 

• _ > • • ^ 

The final product which may be expected to result from this 
reaction, N(CgMe5)Me2, has not yet been obtained. 

Tertiary monamines, when acted upon by the iodides 6f 
monad positive radicals, yield iodides which are not decomposed 
by potassic hydrate. In this manner tertiary monamines may 
be distinguished from primary and secondary monamines. The 
three may be distinguished from each other by the alternate 
action of ethylic iodide and potassic hydrate : thus, as we haye 
juist seen, tertiary monamines are recognized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate ; a secondary monamine, however, produces an iodide 
decomposable by potassic hydrate ; but the base thus liberated 
is tertiary, and will therefore be transformed immediately into 
the stable iodide by a second application of ethylic iodide. A 
primaiy monamine requires three applications of ethylic iodide 
and potassic hydrate to produce the same result. 



B.'JDIAMmUS. 

Formation. — The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
mary or secondary monamine, by a dyad radical, which at the 
same time takes the place of two atoms of hydrogen ; thus : — 



NH fN fNEt" 

Ef' ^Et" or ^Et" 



fNH, 

Et" .. 

i^rimary Secondary Tertiary diamine, 

diamine. diamine* 



o2 
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This reaction is effected by treating ammonia or a primary 
or secondary monamine with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus : — 



2NH3 + Ef'Br, = 



fNH3Br 

Et" . 
NH3Br 



Ammonia. Ethjlenio Ethjlene-diammomo 

dibromide, dibromide. 

When the salts of ethylene diammonium are decomposed by 
potassic hydrate, an oxide of the compound nitrogenous radical 
ifit produced, thus : — 



NHjBr 

Et" + 2KHo « i 

NHjBr 



NH3-. 

Et" + OH, + 2KBr. 

NH, 



■8 



Eih^lene-diam- Fotascdo Ethjlene-diam- Water. Potaasio 

momo dibromide. hydrate. monic oxide. bromide. 

In this respect most of the diamines differ from the monamines. 

Urea and its derivatives belong to the class of diamines. 

These compounds are produced by boiling a solution of 
ammonic cyanate or ethylammonic cyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
p.re held together by the dyad radical carbonyl, CO ; — 

CN"'(N^H,0) 

Ammonio cyanate. 

ri^TSEt 
ON'-'CN^EtHjO) = JCO . 

Ethyl-ammonio Ethyl urea, 

cyanate. 

. By heating ammonic carbonate to 130°-140° in closed vessels 
for a few hours, urea is produced : — 

O0(NH 0), « -^ CO + 20H,. 

Ammonic carbonate.' Urea. Water. 




URSA. 
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Freas in which ethyl and other monad positive radicals are 
substituted for hydrogen may also be obtained by the action of 
ammonia or a monamine on the cyanic ethers, thus : — 

fNHEt 
CN'"Eto + NH3 «=^C0 . 



Etbylio , 
cyanate. 



Ammonia. 



Ethyl urea. 



ON"'Eto + NHjEt = 

Ethylio iEthylamine. 

cyanate. 



fNHEt 
CO . 
NHEt 

Diethyl urea. 



Beaction, — ^Urea is decomposed by nitrous anhydride : — 

NH 

CO ' + N,0, = CO, + 2]!ir, + 20H,. 



Urea. 



Nitrous 
anhydride^ 



Carbonic 
anhydride. 



Water. 



The following is a list of the best-known diamines :• 

NH. 
Ethylene diamine] 



Ethylene diethyl diamine 



Et""'. 
NH, 

fNHEt 
Et" . 
NHEt 



fNH, 

TJrea ' ^ CO . 

INH, 



Sulphur urea 



Ethyl urea 



CS" . 

fNHEt 
CO 
NH. 



fNHPh 
Sulphophenylurea ■! CS" . 

Inh, 
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C. TBIAMINJES. 

To this class of organic bases belong many of the aniline 
colours and their derivativesu Mameine was the fir^t discovered 

• • • ■ 

of these bodies ; it is obtained by the action of concentrated 
sulphuric acid and red potassic chromate upon aniline. It is 
also produced by heating the coloured product obtained by the 
action of a solution of bleaching powder upon auiline. The 
molecular formula of mauveine is 

It is probably a tetramine with the constitution shown in 
the following formula : — 

: If,(C,H,)",(C.H,)",H,. 

JRosmiline is obtained from a mixture of aniline and tolui- 
dine by the action of various reagents, such as carbonic chloride, 
stannie chloride, mercuric chloride, ferric chloride, cupric chlo- 
ride, the sulphuric and nitric salts of tin and mercury, and, 
lastly, arsenic acid which has superseded all other reagents for 
the technical preparation of the salts of this base. 

By the replacement of hydrogen in rosaniline by positive 
radicals, other bases, forming with acids valuable colouring- 
matters, are produced. 

The following is a list of the best-known of these bases :«— 

Eosaniline, the base of ma- ) ur /n it \"/ri tt \" tt 
genta jWaC^^J (W^ie) 2^3. 

Phenyl rosaniline, the base 1 -lij /p tt \n/n it v -Dtrr 
of dahline ....:.:...:.:::.:. J '*«^^«^*^^^t^«^ a^l^a- 

Diphenyl rosaniline, the base 1 i^ ^n tt ^'YP tt v pi, tt 
of anHine violet J ^aC^^J (^He) ,rh,H. 

Triphenyl rosaniline, thebase 1 1*1 /^ tt vun tt v m. 
of aniline blue / ^s^^e^J (^^e) ^^K 

Tritolyl rosaniline^ the. base 1 « /p tt v/n tt ^<' /r» tt \ 
of toluidine blue J "at^e-H-J (yi^e) aC^J^W^- 
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Trietliyl posaniline, the base 1 -rt /n tt v/n tt \" i?*- 
of Hofmann's violet | •"aC^e^J C^Jie) 2^h' 

Chrysaniline, Nieliolsoii^s 1 -vr p tx 
yeUow..; |J>is^2o^iT- 

Leukaniline T.... NgCaoHji. 

Soaaniline appears to be formed by the abstraction of three 
molecules of hydrogen from one molecule of aniline and two 
molecules of toluidine, thus : — 

N(C.H,)H, + 2N(C,H;)H, - 3H, = N,(C.HJ"(C;a.)",H3. 

Aniline. Toluidine. Bosaniline. 

The phenyl derivatives of rosaniline are producied as salts of 
hydrocUoric acid by heating rosaniline hydrocHorate with 
various proportions of anUine, thus :— 

•''(N3)-'(C.Hj'(C,H3)",H,a + NPhH, = 

Bosaniline hjdrochlorate. Aniline. 

"(N,)«'(C,H,)"(C,H,)",PhH.Cl + NH,. 

Phenyl-rosaniline hjdrochlorate. Ammonia. 

"(N,)-'(C,H,)"(C,HJ",H,C1 + SNPliH, = 

Bosaniline hydrochlorate. Aniline. 

Diphenyl-rosaniline hydrochlorate. Ammonia. 

"(NJ»'(C,H,)"(C,H,)",H,Cl + SNPhH, = 

Bosaniline hydrochlorate. Aniline. 

«'(N,)-'(C.H,)"(C3,)",I'h,HCl + 3NH,. 

GMphenyl-rosaniline hydrochlorate. Ammonia. 

The salts of tritolyl rosaniline are formed by analogous 
reactions. 

Triethyl rosaniline is obtained by heating .to 100®, in a 
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close vessel, rosaniline with ethylic iodide dissolved in al- 
cohol :-^ 

N,(CA)"(C,H^"A + 8EtI = N.(C^,)"(C,B[,)"^, 

BoBaniline. Eth^lio Triethyl roeaiuUne. 

iodide. 

+ SHI. 

Hjdriodio 
aoid. 

Trimethyl and triamjl rosaniline are obtained by analogous 
processes. 

Chrysaiiilme is formed as a secondary product in the manu- 
facture of rosaniline. 

Leukaniline is produced by the action of zinc upon an acid 
solution of rosaniline : — 

N3C20H19 + Hj s=s NgCjoHji. 

Bosaniline. Leukaniline. 



OTEEB AMINES. 

Subjoined are tbe names and formulae of a number of organic 
bases which cannot at present be satis&ctorily classified : — 

Guanine C.H.N.O. 

Guanidine C(NH)"(NH,)(NH^ 

or 0(NH)"Ad,. 

H H 

I „ I 

N— C— N 

I I! I 
H N H 



H 

Furfiirine C^jHi^NjO,. 

Amarine Cj,H„Nj,. 

Thialdine C.H„N8,. 

Dibutyraldine , C,H„NO. 

Acridine C^H^gNj. 
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Me— C= N— »■= C— Me 

N 
Cyamnethine ... '^N,)'»(CMe)"', ... Ill 

Me 

Et— C=N— N=C— Et 

V 

Cyanethine "(N,)''(CEt)"', ... Ill 

I 

Et 



THE NATUBAL AZKALOIDS. 

Of^^be^ constitution of these organic bases very little is 
known, ^q following is a list of the chief of them, with the 
sources whence they are derived : — 

Alkaloids from Opium, 

Hydrocotamine CjoHuNOg. 

' Morphine C^,1I,,1^0,. 

Codeine Ci^H^^NOg, OH,. 

Thebaine C.^H^iNOs. 

Protopine CjoHigNOg. 

Papaverine CjoHjiNO^. 

Cryptopine CgiHagNO^. 

Laudanosine CaiH27N04. 

Narcotine C^^^^'NO^. 

Narceine CggHj^gNOg. 

From Cinchona JBarJk. 

Quinine C^^JL^^Uffi^. 

Cinchonine C,oH,,N,0. 

Aricine OJi^Uffi^, 
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From Nightshade, 
Atropine C^HajNOa. 

• • • • • 

From Tobacco. 
Nicotine CjoHi^Nj,. 

From NtMB vomica. 

Strychnine ^^^^^^^^t: 

Brucine j -CaaHjgNaO^. 

From Tea, Coffee, and Cocoa. 

Theobromine C^HgNp^. 

Caffeine {Theine) CaH^oN^O,. 



2, 3, 4. TEE FROSPSINES, AESINES, STIBIKES, 

AND BISMUTRINES. 

The bases containing phosphorus may be obtained, like the 
amines, by the displacement of hydrogen in phosphuretted hy- 
drogen. The tertiary compounds only of arsenic, antimony, 
and bismuth are known ; and they are produced by reactions 
of which the following may be regarded as a type : — ■ 

AsiNa^ + 3EtI = AsEt, + 3NaI. 

. Sodio Eth7lio Triethyl Bodio 

arfenide. iodide. arfline. iodide. 

Primary and secondary phosphines are obtained by the 
action of methylio or ethylic iodide and zincic oxide upon phos- 
phonic iodide. "With ethylic iodide the following reactions 
occur : — ^ 

2PHJ + 2EtI + ZnO = 2PEtH3l + Znl^ + OH,. 

Phosphonio Eth^lio Ethyl- Water, 

iodide. iodide. pluHipnomo 

iodide. 

2PH,I + 4EtI + 3ZnO = 2PEt,H(ZnI)I + 30H, + Znl,. 

Phosphonio Ethylic Diethyl-jjhws- Water.' 

iodide, iodide. phomo zmoic 

iodide. 



PHOSFHINIS&I^ ARSII^ES^ AND STIBINES. )SOS 

These reactions take place side by side; but the primary and 
secondary phosphines are readily separated from each other by 
the consecutive action of water and alkalies upon the products 
of the above operation. 

The addition of water to the mixed product liberates the 
primary phosphine from its compound, whilst the compound of 
the secondary phosphine resists even boiling water, but easily 
decomposes under the influence of alkalies. 

The tertiary phosphines are produced by the action of the 
zinc compounds of the monad positive radicals upon phospho- 
rous chloride :— 

SZnEt, + 2PCI3 = 2PEt3 + 3Zn01,. 

Zincio eihide. Phosphorous Triethjl Zindo chlorido, 
chloride. phosphine. 

They may also be obtained in combination with hydriodic 
add by the action of phosphonic iodide upon the alcohols : — 

PHJ + 3EtHo =± PEtgHI + 30H,. 

Phoaphonio Ethylio Triethyl- Water* 

iodide. aloonol. phosphonio 

iodide. 

. By the action of alkalies upon triethyl-phosphonio iodide 
triethyl phosphine is liberated : — 

PEtgHI + KHo =: PEt3 + KI + OH,. 

Tri^hyl- Triethyl- Water, 

phosfflxonio phosphine. 

iodide. 

The following Table contains the names of the known phos- 
phines, arsines, and stibines:— 

JPrimary ^Phosphines, 

Formnla. Boiling-point. 

Methyl phosphine PMeH, —14^ 

Jlthyl phosphine PEtH, 25^ 

Secondary JPhosphines, 

Dimethyl phosphine PMe^H 25°. 

Diethyl phosphine PEt^H 85^ 



201 COMPOUNDS OF NITROGEN AND ITS ANALOGUES. 

Tertiary Phosphines, 

Formula. BoUing-point 

Trimethyl phosphine PMcg 41®. 

Triethyl phosphine PEts 127°-6. 

Tertiary Arsines* 

Trimethyl arsine AsMOg 120°. 

Triethyl arsine AsEt, 140**. 

Tertiary Stilines, 

Trimethyl stibine SbMOg 

Triethyl stibine SbEt, 158°. 

tTriamyl stibine .» SbAy, 

Tertiary Bismuthine, 
Triethyl bismuthine BiEt, 



Character. — The phosphines, arsines, stibines, and bismuth- 
ines possess very energetic affinities for negative elements. 
Many of them are spontaneously inflammable in air and oxygen. 
Most, probably all, unite with an atom of oxygen or a molecule 
of chlonne, bromine, or iodine, forming compounds in which the 
grouping element becomes pentadic. Thus, by the absorption 
of oxygen, triethyl-phosphine is transformed into phosphoric 
triethoxide : — 

PEt, + = PEtjO. 

Triethyl- PhoBphorio 

phoflphme. triethoxide. 



5. OXTBASES. 
These compounds are only known in the arsenic series. 

Araeniotts oseyhases. 

Only one of these, cacodylic oxide, has been carefully inves- 
tigated. 
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' By the distillatioa of potassic acetate with arsenious anhy- 
dride, a compound known as cacodyl, 'A%'\M.e^t is produced. 
This substance may also be prepared by the action of methylic 
iodide upon ■ an alloy of sodium and arsenic containing 
^As",Na,:-- " 



'A»",Na, 


+ 


4«MeI B 


'As",Me, 


+ 


4NaI. 


Bodio 
arsenide. 




MethvUo 
iodide. 


Caoodyl. 




Sodio 
iodide. 



By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oxide (As^^Me^O) is formed. 

This oxybase does not appear to unite with oxygen acids, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride : — 

f AsMe 

\o ' + 2HC1 = 2AsMe,Cl + OH,. 

[ AsMe, 

Cacodylic Hydrochlorio Caoodylio Wafcer. 

oxide. add. chloride. 

Cacodylic oxide, when exposed to moist air, absorbs water 
and oxygen, forming cacodylic acid :— 

As,Me,0 + 0, + OH, =: 2AsMe,OHo. 

Cacodylic Water. Caco^lio 

oxide. acia. 



CHAPTER XXIX. 

OEajjariG compoujstds of triad nitrogen 

. AND OF ITS ANALOGUES {continued). 

Neuteal Skctioh". 

1. THE AMIDES. 

These compounds are formed by the substitution of amidogen 
(NH,) for the oxatylic hydroxyl of organic acids. They are 
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most oonvenieiitly written on the diadelpliic type, bnt may also 
be fonaulated upon the ammonia type. 

If the acid contain only one semimolecule of oxatyl, a monar 
mide is the result i if two semimolecules of oxatyl are present 
in the acid, a diamide is generally formed, <&c. Secondary and 
tertiaiy compounds can al«o be produced, a«i in the caae of the 
amines ; but they belong to the negatiye section of this family. 



A. MONAMIDUS. 
I. Frimary Monamides. 



Acetamide : — 



{^^OorNH,(CMeO),or{gg^,. 



Chloracetamide :^- 



{gg_=.01)0„,„H,[0(CH.O.)0:,o,(°gi^. ^ 

Benzamide : — 

{ SS:^'^^°' NHiC(C^,)0], or { 2'oM- 

Ibrmation. — 1. By the distillation of the ammonic salts of 
the monobasic acids.:—* 

fCH, « JCH, J. ATT 

\CO(N'^H«0) \CO(N"'iy + "^ 

Ammdnio AoAtamide. Water. 

acetate. 

2. By the action of ammonia upon the chloracids : — 

Acetylio Ammonia* A6etamid«. j Hydroohlot^. 

' * chloride. ^ •«M' ' ' 
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3. By tlie action of ammonia on the ethereal salts of the 
monobasic acids : — 

Ethylio AmTnnT^fR. Adet&mide. AloohoL 

acetate. 

JReaetions, — ^1. Boiled "v^th .aqueous solutions of acids, the 
primary monamides yield ammonic'salts and acids 4—- 

{cO(N;"H^ + HCl + OH, = NH,C1 + {gg^Ho-. 

Aoetamide. ttydroDhlorio Water. Anunomo Acetio 

add. chloride. acid. 

2. Boiled with potassic hydrate, ammonia is evolved, and 
a potassic salt, corresponding to the amide, is formed. 

{c?(N"'By + ^« " ^^3 + (g?fco- 

Aoetainide. Potassic Ammonia. Potassic 

hydrate. acetate. 

IL Secondare/ Monamides. 



Diacetimide ... N(CMeO)2H or 



CO' 




NH. 

CO 

CH, 

fCO-, 
Succujimide NS \ C,H, or j Et" {W"R)". 

These bodies possess a negative character, and are treated of 
under the negative section of this class as imides of negative 
radical* (p. 210). _ 

Tertiary monamides are little known. They are the nitrides 
0/ negative radicals (see p. 210). 



> J 

, The diamides may be regarded as derived &om two molecules 
^of ammonia,.by the substitution. of a dyad, negative radical fo^ 



208 COMPOUNDS OF NITROGEN AND ITS ANALOGUES. 

two atoms of hydrogen ; or they may be considered to be formed 
by the substitution of amidogen for the hydroxyl contained in 
the two semimolecules of oxatyl in dibasic acids : — 

Primary Diamides, 
Oxamide ...jjCAr or {ggfj 



Succinamide. . . N,H,(C,H,Oa)" or NJEL^ 



fCO" 



"■ f CO Ad 
, or^Efc" 



L I OOJ [ COAd 

Formation. — 1. By the action of heat upon the normal am- 
monic salts of dibasic acids : — 

fCO(NvH.O) _ fCO(N"'H,) 2o„ 

Ammonio oxalate. Oxamide. Water. 

2. By the action of ammonia on the ethereal salts of dibasic 
acids : — 

fCOEto . 2«H - /CO(N"'H,) . „p,,„^ 

Ethylio Ammonia. Oxamide. Aloolud. 

oxalate. 

3. By the action of ammonia on the chloro-dibasic acids : — 

fCOCl fC0(3S''"K) 

4NH3 -f i Et" fa ^ Et" + 2NH,CL 

[COCl [COCN'^H,) 

Ammonia. Succinylio Snccinamide. Ammonio 

chloriae. ohloride. 

The secondary and tertiary diamides are but little known. 



C. TBIAMIDUS. 

Frimary miamides.-^The primary triamides may be regarded 
as deriTed from tribasic acids by the substitution of amidogen 
for the hydroxyl contained in the three semimolecules of oxatyl 
of these acids, or as derived from three molecules of ammonia 
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by the replacement of three atoms of hydrogen by the residue 
of a tribasic acid. A good example of a triamide is 

f CHHo(CO Ad) 

Citramide \ OH(C0 Ad) or NJ3iJCJS.,0S'' 

[ CH/GO Ad) 

Citramide is formed by the action of ammonia on ethylic 
citrate. 
Secondary and tertiary triamides hare not yet been formed. 



2. THJE ALKALAMIDJE8, 

These compounds occupy an intermediate position between 
the amines and the amides. They are derived from ammonia 
by the substitution of part of the hydrogen by positive, and 
part by negative radicals ; and inasmuch as two atoms at least 
of hydrogen must be so substituted, no primary alkalamide can 
exist. 

Secondary and tertiary monalkalamides, dialkalamides, and 
trialkalamides are known. 

Ethyl acetamide NHEt(CMeO). 

Ethyl diacetamide NEt(CMeO),. 

Diethyl oxamide N,H,Et,(C,0,)". 

Diphenyl-carbonyl-oxalyl diamide N,(C,H,),(CO)"(C,OJ". 
Citryl-triphenyl-triamide N3H3(CeH,)3(CeH,OJ". 

The alkalamides incline towards a positive character, their 
degree of alkalinity being about equal to that of urea. 



8. TEE TBIOBLOEIN-ATED AND TBTBBOML 

NATEB AMINES. 

If the hydrogen in an amine be gradually substituted by 
chlorine or bromine, the basic character of the amine gradually 
diminishes, and finally a neutral compound is obtained. 

This reaction has been studied in the case of aniline; which 
VOL. n. p 
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loses basic energy by the successive replacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen : — 

NH,(GA), NH,(C,H,a). NH,(C„H,CU. NH/C,HA). 

Aniline. Chloraniline. Dichloraniline. Triohloraniline. 



4 TSU SALOID COMPOUJWS OF OXTBASUS. 

These bodies are only known in the arsenic series ; they are 
formed by the action of chlorine, bromine, or iodine upon 
cacodyl and its homologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxybases. 

General formula As(C«H2^i)jCl. 



!N'egative Section. 

TRE IMIDUS AND NITBIDHS, 

n in 1 fofimides... NH(C„H2„_iO)«, 

General formula . . . | ^^ ^.^^.^^^ ^ N(C A„_,0)3. ' 

Formation, — By the action of chloracids (the so-cailecl chlo- 
rides of negative radicals) upon amides : — 
NH,(CMeO) + CMeOCl = NH(CMeO), + HCl. 

Acetamide. Acetylic Diaeetimide. Hydroehloric 

chloride. acid. 

A repetition of this reaction gives acetylic nitride, which may 
also be obtained by heating a mixture of acetonitrile and acetic 
anhydride to 200°. 

An imide may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus : — 

rrcoT' 

Succinimide NH(CXOX or NH ^ Et" . 

L[co_ 

These bodies have hitherto received but little attention. 
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CHAPTER XXX. 

II. eOMFOUJSTDS OF FUNTAD NITBOGJEN- 
AND 0¥ ITS ANALOGUES, 

This class of compqunds contains the following series : — 

Powtwe. 

1. Canstio Nitroeen bases. 

2. „ Phospnorus bases. 

3. „ Arsenic bases. 

4. „ Antimony bases. 

5. Qzyaraenic bases. 

6. Ozyantimonio bapes. 





Ifeufral. 




NegaiiM, 


1. 


Salts of Amines. 




1. Cranio arsenic 


2. 


„ PhoBphinea. 




acids, oxyohlo- 


3. 


„ Amnes. 




rides, and chlo- 


4. 


1, Stibines. 




rides. 


6. 


„ Oxyarsenic bases. 


2. Organic antimo- 


6. 


„ Osyantimonio 


baaes. 


nio acids. 



F08IT1VE COMPOUNDS. 
1. Ca/ustie Nitrogen Bases. — 

General fonnula N(C„H2n+i)4Ho. 

In each positive radical n must be a positive integer. The 
radicals need not be all of the same atomic weight. 

Formation. — ^By thq action of argentic hydrate upon the 
iodides of the compound ammoniums : — 

NEtJ + AgHo = NEt.Ho + Agl. 

etrethylammo- Argentic 

nic hydrate. ioaide. 



Tetrethylammo- 
nio iodide. 



Argentic Tetrethylammo- Argentic 

hydrate. 



2. Camtic FJiosphorus Bases. 

3. Caustic Arsenic Bases. 

4. Caustic Antimony Bases. — 

By displacing the N in the above general formula and in the 
equation by P, As, and Sb, the constitution and formation of 
these three series of compounds will be expressed. 

5. Oxyarsenic Bases. — These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
sines : — 



Tertiary monarsine. 



As(C„K„+x)30. 

Oxyarsenic base. 

p2 
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6. Oxyantimonic Bases. — These are formed in a maimer 
exactly analogous to that in which the oxjarsenic bases are 
produced. 



NEUTRAL COMPOVNBS. 

1. Salts of Aminea. 
General formulae : — 

NCaH^^iXC^H^OaCl. 

N3(C„H^.x)"'(C^H,«.ir',H3Cl3. 

In the first formula m may =0 ; in the second, C^Hj^ may be 
displaced by ELj ; and in the third, C^Ha^,.! may be substituted 

by H3. 

Formation, — Like the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus : — 

NEtH, + HCl = NEtH3Cl. 

Ethjlamine. Hydroohlorio Ethjlammonio 

acid. cnloride. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 192). 

Character, — The salts of the diamines and triamines are often 
found to contain only one molecvde of acid, instead of two or 
three as shown in the above general formulae, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, besides 
being linked by the polyad radicals, thus : — 

W^(C«H^)"(C.H^)",H(N03) ; 
»^(N3)^(aH2«.0'"(C«H2«-i)'",HCl. 

The difierence between these two classes of salts will be ren- 
dered more evident by a comparison of the following graphic 
and symbolic formulae : — 
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Iformal Saltt. 
N ^Et" N or N,H,Et" Cl„ or ■! 



H/^H 



Ethjlene-diammonio dichloride. 



( NH3CI 

Et" . 
NH3CI 



K Et" N Et" ]S" 



h/^h 



CI 



•h/^h 



Dietbylene-triammonic trichloride. 

Et" 



or N,H,Et",C]3 or ■( NH,C1. 

■ Et" 



I 



LNH3CI 



Monacid Salts. 

]S" Et" N or 'W^,F,Efc"Cl cr 

hA. . /Xh 

Ethjlene-diammonio monochloride. ■ 






N Et". 

H 



/\. 






-Et". 



-N 



CI 



H 



H^H 



Diethylene-tiiammonio monochloride. 



NH 



3Et" 



or iXN3)-H,Et",Cl or NH-^^^.. 



NH,cr 



Diacid Salt, 



CK/H 






-Et". 



r' 



-Et". 






H^H II^'^H H'^H 

Diethylene-triammonic dichloride. 

or "(N3)^'H,Et",CI, or /NH, g„. 



/NH, 
INH,( 
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2. Salts of JBhospMnes, 

3. Salts of Ar sines, 

4. Salts of Stihines, 

These three series of salts all present close analogies with the 
salts of the amines both in constitution and in the mode of their 
formation. The mode of formation of several of them is shown 
at pages 202 and 203. 



5. Salts of Oxy arsenic Bases, 

As (CnHzn^^OgClg. 

Formation. — By the action of acids on the oxyarsenic bases :— 
AsMCgO + 2HC1 = AsMcgCl, -f OH, 

Arsenic Hydrochlorio Arsenic trimetho- Water, 

trimethozide. acid. dichloride. 



G. .Salts of Oxyantimonic Bases, 

These resemble the previous salts in formation and consti- 
tution. 



NEGATIVE COMFOUNDS, 

1. Organic Arsenic Acids, OxycJdorides, and Chlorides, 

The following are the principal bodies of this class : — 

Monomethylarsenic acid AsMeOHo,. 

Arsenic oxydichlormethide AsMeO C\. 

Arsenic tetrachlormethide AsMeCl^ 

Cacodylic acid AsMcjOHo. 

Cacodylic trichloride AsMeaClg. 
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2. Organic Antimonic Acids. 

No exploration of this series has yet been made. The 
members of it will doubtless be found to have close analogies 
with the corresponding series of arsenic compounds* 



CHAPTER XXXI. 

OBOANO-BOEON Al^D SILICON COMPOUNDS. 

Tais family is divided into the two following classes : — 

1. Organo-boron compounds. 

2. Organo -silicon compounds. 

1. QrganO'horon compounds, 

These compounds contain boron directly united with the 
carl)on of monad positive radicals, and are thus distiuguished 
froa organic compounds containing boron, as seen in the fol- 
lowing formulae :— 



Organo-boron compound. 

H H 



Organic compound containing boron. 

H H 



H- 



.6_B— C— 



H 



I 
H 



I 
H 



n-^c— 0— B— 0— c— II 

I LI 

H O H 



H~C— H 



H--C— H 



H 

Bono methide. 



H 

Methylio borate. 



The organo-boron compounds are produced by the replace- 
ment of methoxyl or ethoxyl in methylic or ethylic borate by 
monad positive radicals. Hitherto only the radicals methyl 
and ethyl have been thus combined with boron. 
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BOBIC METHIDE. 

B(CH3)„ or BMe,. 

Molecuhxr weigJit =56. Molecular volume I I I . 1 litre ofhoric 
methide gem weighs 28 critha. Condenses at Kf under a 
pressure offowr atmospheres, 

Preparation, — By adding to ethylic borate an ethereal 
solution of zincic methide, when boric methide is evolved as 
gas:— 



IBEto, 


+ 


SZnMe, 


ss 


2BlVTe3 


+ 


SZnEto,. 


EthyUo 
[borate. 




Zincio 
methide. 




Borio 
methide. 




Zinoio 
etbylate. 



Reactions, — 1. Inflames spontaneously in air or oxygen. 
2. Combines energetically with ammonia, forming ammonia* 
boric methide:— 



NH, + 


BMe. 


^ 


NHs^BMe,. 


Ammonia. 


Boric 




Ammonia-borio 




methide. 




methide. 



3. Boric methide combines readily with potash, soda, line, 
and baryta, forming compounds the composition of which is 
not known with certainty. 

AMHONIA.BOBIC METHIDE. 

3»H3,BMe3. 

Molecular weight ^7B. Molecular volume {anomalous) U— 1. 

Fuses at 56°. Boils at 110®. 1 litre of ammonia-hmc 
methide vapour weighs 18*25 criths. 
Formed as above described. 

Reactions, — 1. Cupric chloride absorbs ammonia from fte 
vapour of ammonia-boric methide, reducing the volume of the 
vapour to one half and leaving boric methide gas : — 

6(NH3,BMe3) f SCuCl, c= 2CnCl„6NH3 + eBMe,. 

Ammonia-borio Ammonia-cnpric Bono 

methide. chloride. methid& 
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2. Ammonia-boric methide is readily decomposed by acids ; 
even carbonic acid decomposes it. With hydrochloric acid the 
reaction is : — 

NH^BMe, + HCl =; NH.Cl + BMe,. 

Ammonia-borio Axnmonio Bono 

methide. chloride. methide. 



BOBIC ETHIDE. 

B(C^,)3 or BEt,. 

Molecular weight =98. Molecular volume nD ' 1 ^*^^^ f>f 
boric ethide vapour weiglis 49 criths. Boils at 95° C. 
S^. gr, of liquid -6961 at 23^ 

Preparation. — By the action of zincic ethide upon ethylic 
borate : — 

2BEt03 + SZnEtj = 2BEt3 + 3ZnEto,. 

Sthjlio Zindo Bono Zinoio 

borate. ethide. ethide. ethylate. 

Beactions, — 1. Inflames spontaneously in air, and explodes in 
oxygen. 

2. Allowed to oxidize gradually, boric ethide forms boric 
etho-diethylate : — 

BEt, + Oj = BEtEto,. 

3. Heated with hydrochloric acid to 99®, it slowly evolves 
ethylic hydride, and is converted into boric dietho-chloride : — 

BEt, + HCl = BEt,Cl + EtH. 

Bono Borio dietho- Etbylio 

ethide. chloride. hydride. 

4. Boric ethide combines very energetically with ammoniacal 
gas, forming ammonia-boric ethide : — 

NH3 + BEtg = NH3,BEt3. 

Ammonia, Borio Ammonia-boric 

efhide. ethide, 
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BOBIC ETHO-DIETHTLATE. 

BEtEtOg. 
Boih at 125° C. 

^Preparation. — By the slow action of oxygen upon boric 
ethide as above described. 

Heaction, — In contact with water it is instantly decomposed, 
forming horio etho-dihydrate : — 

BEtEto, + 26h, = BEtHo, 4- 2HEto. 

Boric etho- Water* Borio etho- AlcohoL 

ditithjlate. dihjdrate. 

AHMONIA-BOEIC ETHIDE. 

NHgjBEtg. 

Formed by the union of ammonia gas with boric ethide as 

above described. 
Reaction, — Decomposed by acids but not by carbonic acid. 

"With hydrochloric acid the reaction is as follows : — 

NH3,BEt3 + HCl = NH.Cl + BEt3. 

Ammonia-borio Ammonio Borio 

ethide. chloride. ethide. 

2. Organo-silicon compounds. 

The great similarity in chemical functions between carbon 
and silicon seems to justify the anticipation that a great number 
of compounds of silicon will be produced analogous in consti- 
tution to the organic compounds of carbon. Already several 
such compounds are known, as for instance :— 

Silico-compoands. Organic anak^es. 

SiH,. CH,. 

Silicic liydride. Marsh gaa.- 

SiHCl,. CHCl,. 

Silicon chloroform. Chloroform. 

rSiHO rCHO 

. -^o 



i 



SiHO [ CHO 

Silicoformic Unknown 

anhydride. formic anhydride. 
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Polio wing the analogy of organic compounds, the substitution 

of one of the atoms of hydrogen in silicic hydride by the 

hitherto unknown radical silicon methyl (SiHa) would yield 

a body constituted like th6 molecule of methyl or ethylic 

hydride, 

r SiH3 
I SiH3- 

Prom this, silicoethylic chloride (SigHgCl) ought to be ob- 
taiued; and then, by the substitution of hydro xyl for chlorine, 
the silicon-analogue of common alcohol (Si^H^Ho). None of 
these compounds containing silicon directly combined with 
silicon have hitherto been formed ; indeed, unlike the tetrad 
elements, carbon, tin, and titanium, silicon appears to have little 
tendency to form such compounds. Amongst the host of 
silicon minerals there is not one in which the assumption of 
the existence of silicon combined directly with silicon is ad- 
missible. Disilicic hexachloride (SigClg) has, however, been 
recently formed. 

But, although these true silicon analogues of the more com- 
plex organic compounds have not hitherto been obtained, 
yet a large number of bodies which contain silicon atoms 
directly combined with carbon have been synthetically pro- 
duced; and many of these substances exhibit interesting 
analogies with corresponding compounds containing carbon in 
the place of silicon. These are the bodies which are included 
in the class of organo'silicon compounds. The following Table 
contains the names and constitutional formulsB of the chief 
members of this class, together with those of their derivatives,, 
such as ethylic silicate (SiEtoJ, which do not, strictly speaking, 
belong to it, inasmuch as they no longer contain silicon directly 
combined with carbon : — 

Name. . . Formula. BoUihg- 

pomt. 

Silicic methide SiMe^ 30-5 

r SiMeOg 

Di|ilicic oxy-hexametbylate <0 202 

(SiMec^ 
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Name. Fonnula. ^^^" 

o 

Silicic methylate SiMeo^ 121 

SiUcic ethide SiEt, 152*5 

Silicic dimethylate ethylate SiMeo^EtOj, 145 

SiHcic cHortriethylate SiClEto, 156 

SiHcic dichlorethylate SiCl,Eto, 

SiHcic ethylate SiEto, 166-5 

Silicic triethylate amylate SiEtOg Ayo 220 

f SiEt03 

Disilicic oxy-hexaethylate <0 235 

[ SiEto, 

fSiEt, 

Disilicic oxy-hexaethide \ O 227 

i SiEt, 

Sflicic hydrotriethylate SiHEto, 134 

Silicic ethotriethylate SlEtEto, 158-5 

SiHcic dieth-ethylate SiEt^Eto, 156-6 

Silicic trieth-ethylate SiEtjEto 153 

Silicic dietho-chloretliylate SiEtaClEto 148 

Silicic chlortriethide SiEtjCl 143-5 

SiHcic dichlorethide SiEt^Cl, 129 

SiUdc trichlorethide SiEtCl, 

SiHcic diethoxide SiEt,0 

SiHconyHc cUoride IcMeHCl ^^^ 

SiUconyHc alcohol {cShHo ^^ 

{CH 
COrSiC H O) ^^^ 

fSiEtOg 

SiHcic aceto-triethylate < O 

[com 

SiHcic acetylate Si(COMe), 

SiHcopropionic acid J SiOH * 

SiHcic triethohydrate (JDriethyU f g|jj^ tt 153-5 

silicol) ..I 



SILICIC METHIDE AND ETHIDE. 221 

SniCIC MSTHIDE. 

H 

H— C— H 
H I H 

Si(CH,), I I I 



OP 



H— C Si C— H 



SiMe,. 

H 

H— C— H 



i 



H 



Molecular weight =8S'5. Molecular volume I I I . 1 litre of 
silicic methide vapour weighs 44i'25 criths, Boils at 30^5. 

Formation, — By the action of zincic methide upon silicic 
chloride at a temperature of from 120° to 200°. 

SiCl, + 2ZnMe2 = SiMe, + 2ZnCl,. 

Silicio Zincio Silicic Zinoio 

chloride. methide. methide. chloride. 



SILICIC ETHIDE. 

SiEt,. 

Molecular weight =144i"5. Molecular volume I I I . 1 litre of 
silicic ethide vapour weighs 72*25 criths. Boils at 162°*5. 

JPreparation. — By the substitution of zincic ethide for zincic 
methide in the reaction last described, silicic ethide is pro- 
duced. 

Reactions. — Treated with chlorine, one atom of hydrogen is 
replaced by an atom of chlorine, and siliconglic chloride is 
formed : — 

SiEt,(CMeH^ + Ca, = {|Mekci + ^^' 

Silicic ethide. SiliconyUc chloride. 
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At the same time a portion of the silicic ethide is converted 
into dichlorinated silicic ethide, which, when heated with 
aqueous alcohol and potassic acetate, yields disilicic oxyethide* 

SiEt3 
O . 
SiEt, 



SILICIC TEIETHOHYDRATE. Triethyhsilicoh 

SiEtgHo. 
Molecular weiglit t=:\^2'^. Molecular volume m * \ litre of 
the vapour weiglis 66'25 criths. Boils at 153°'5. Sp. gr. 
of liquid 'S709 at 0°. 

I^reparation. 1. By digesting silicic triethoethylate with 
Water at 200° :— 

SiEtgEtcf + OH^ = SiEtgHo + OEtH. 

Silicic Silicic Alcohol, 

tfiethoethylftte. " triethohydrate. 

2. By the action of aqueous ammonia upon silicic chlor- 
triethide : — 

SiEtgCl + OH3 + NH3 = SiEt,Ho + NH.Cl. 

Silicic Silicic 

chlortriethide. triethohydrate. 



SmCOPEOPIONIC ACID. 

f OMeH, 
tSiOHo* 

Preparation, — 1. This acid, which contains the new negative 
l-adical SiOHo (that is to spy, oxatyl in which carbon is re- 
placed by silicon), is prepared from silicic chlortriethylate by 
the following series of reactions ; — 

1st. Silicic chlortriethylate is treated with zincic ethide and 
sodium, and thus converted into silicic ethotriethylate by the 
following reaction : — 
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2SiClEt03 + ZnEt^ t= ZnCl^ 4- 2SiEtEto3. 

Silicic Zincio Silicic 

hlortriethylate. ethide. ethotriethylate. 

2nd, Silicic ethotriethylate, which is a colourless liquid, 
smelling like camphor and boiling at 158°'5, is now heated with 
concentrated solution of potassic hydrate, when the following 
change takes place : — 

SiEtEtOj + KHo + OHa = SiEtOKo + SEtHo. 

Silicic Fotesflio Alcohol, 

ethotriethylate. silicopropionate. 

3rd. Erom the potassium salt, silicopropionic is obtained by 
the addition of hydrochloric acid. 

2. By heating silicic ethotriethylate with acetylic chloride to 
180°, silicic ethotrichloride is produced : — 

SiEtEto, + 3{gj5i = SiEtCl, + 3{gjj,to- 

Silioio Acetylic Silicic Ethylio 

ethotriethylate. chloride. ethotrichloride. acetate. 

By the subsequent action of water upon the silicic etho- 
trichloride, pure silicopropionic acid is obtained as a white 
insoluble powder resembling silica : — 

SiEtCl, + 20H, = SiEtOHo + 3HCi. 

Silicic Silicopropioiiio 

ethotrichloride. acid. 



CHAPTER XXXII. 

OEGAiyOMETALLIC BODIES. 

This term is applied to a family of compounds in which an 
organic radical is united directly with a metal ; and it serves 
to distinguish them from other organic compounds containing 
metals, in which the metal and organic radical are indirectly 
united or linked to each other. 
Thus zincic ethide is an organometallic body, while zincic 
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ethylate and zincic succiaate are organic bodies containing 

metals : — 

H H H H 



Zincic ethide... ZnEt,. H— C— C— Zn— C— C— H 



'2 



C— C— Zn— c— r 



iA ii 



Zincic ethjlate... ZaEto,. 

HE H H 

H— C— C-0— Zn— 0— C— C— H 

H 

I I! 

r CO , H— C— C-0 



Zincic succinate ... 



0,H. Zno". 1 Zi 

CO " H— C— C— 0- 



H 



f, 



Many organic compounds containing metals are the deriva- 
tives of organometallic bodies ; thus zincic ethide by oxidation 
yields zincic ethylate— 

ZnEt, + 0, « ZnEtOaj 

Zinmo Zincio 

ethide. ethylate. 

and by further oxidation zincic ethylate can be converted into 
zincic acetate — 

g^g.Zno" + 20. » g5J>o" + 20H,. 

Zincio ethylate. Zinoio acetate. Water. 

Another instance of the derivation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
mation of potassic propionate by the action of potassic ethiie 
upon carbonic anhydride : — 

CMeH,K + 00. = {%^g^. 

Potaaaio Carbonic Fotaasio 

ethide. anhydride. propionate. 
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Formation of organometallic bodies, 

Organometallic bodies are produced in a large number of 
reactions, which, however, may be classed under the following 
four heads : — 

I. By the union of monad positive radicals in statu nascenti 
with a metal, or by the coalescence of a metal with the iodide 
of a monad positive radical. 

Thus, when zinc and ethylic iodide are heated together to 
100° in closed vessels, zincic ethide is formed : — 



2EtI 


+ 


Zn, 


= ZnEt, 


+ 


Znl,. 


EthjHo 
iodide. 






Zincio 
ethide. 




Zincic 
iodide. 



Sometimes light may be employed instead of heat to effect 
this change, as in the case of the organo-tin compounds. In 
the formation of organo-mercury compounds by this method, 
light is indispensable to the reaction : — 

EtI + Hg = HgEtl. 



Efchjlio 
iodide. 



Mercuric 
ethiodide. 



II. By the action of the respective metals alloyed with potas- 
sium or sodium upon tihe iodides or, in rare cases, the bromides 
of the monad positive radicals. 

By this process there is less tendency to form compounds 
containing both positive radicals and negative elements. Potas- 
sium or sodium compounds are never produced in this reaction, 
because they cannot exist in the presence of ethylic iodide or 
its homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds : — 

4EtI + SnNa. = SnEt. + 4]SraI. 



Ethjlio 
iodide. 



Tin sodium 
alloj. 



Stannic 
ethide. 



Sodic 
iodide. 



2EtI + HgNa, = HgEta + 2N'al. 



Ethjlio 
iodide. 



Sodium 
amalgam. 



Mercuric 
ethide. 



Sodi 
iodide. 
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2C„H,Br + HgNa, = Hs(C,.H,), + 2NaBr. 

Napnthjlio Sodinm Mercuno Sodio 

bromide (bromo- amalgaxxL naphtiiide. bromide, 

naphthaline). 

III. By the action of the zinc compounds of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal : — 



SnCl, 

stannic 
chloride. 

SnCl, 

Stannic 
chloride. 



+ ZnEtj, = 

Zinoio 
ethide. 



SnEt^Cla + ZnClj 



Stannic dichlor- 
ethide. 



Zincic 
chloride. 



+ 2ZnEt, = SnEt, + 2ZnCl 



2HgEtI -f 



Mercuric 
ethiodide. 



Zincic 
ethide. 

ZnEt, ts 

Zincic 
ethide. 



Stannic 
ethide. 



2H6Et, + 



Mercuric 
ethide. 



2* 

Zincic 
chloride. 

Znl,. 

Zincic 
iodide. 



IV. By the displacement of a metal in an organometallic 
•ompound by another and more positive metal. 

This method has been successfully employed for the forma- 
tion of the organo- compounds of potassium, sodium, lithium, 
aluminium, and zinc. In the first three cases the reaction takes 
place at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body : — 

3ZnEt, + Na, = 2ZnNaEt, + Zn. 



Zincic 
ethide. 



Sodic zincic 
ethide. 



SHgEt, + Al, = 'Al"',Et, + 3Hg. 



Mercuric 
ethide. 

HgAy, 

Mercuric 
amylide. 



+ Zn = 



Aluminic 
ethide. 

ZiiAy, 

Zindo 
amylide. 



+ Hg. 
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Reactions of organometallic bodies, 

1. The most interesting reaction of the organo- compounds 
of the monad metals is their transformation into salts of normal 
fatty acids by tlie action of carbonic anhydride (see p. 118). 

2. The organO' compoimds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals : — 

C,H,Na + C,H,I = NaT + C,H,H + C,H,. 

Sodio Ethjlio Sodio Ethjrlio Ethylene. 

ethide. iodide. iodide. hjdnde. 

3. The organo- compounds of zinc are decomposed by water, 
with formation of the hydrides of the radicals : — 

ZnEtj, + 2OH2 = ZnHo, + 2EtH. 

Zinoio Water. Zincio Ethylio 

ethide. hydrate. hydride. 

4. By the slow action of dry oxygen, they pass through two 
stages of oxidation : — 

ZnEt, + = ZnEtEto; 

Zincic Zincio etho- 

ethide. ethylate. 

ZnEtEto + O = ZnEto,. 

Zincio etho- Zinoio 

etiiylate. ethylate. 

5. Monad negative elements, sucb as iodine, remove succes- 
sively the two atoms of ethyl : — 

ZnEt^ + I2 = ZnEtl + EtI : 

Zincio Zincio Ethylio 

ethide. ethiodide. iodide. 

ZnEtl + I2 a= Znl, -f EtI. 

Zincio Zincio Ethylio 

ethiodide. iodide. iodide. 

6. The organo-zinc compounds are extremely useful for the 
displacement of chlorine or its analogues by ethyl or its homo- 
logues : — 

2PCI3 + SZnEtj = 2PEt3 + 3ZnCl,. 

FhosphoTOQS Zincic Triethyl- Zincio 

trichloride. ethide. phosphine. chloride. 

q2 
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SiCl, + 2ZnEt, = SiEt, + 2ZnGl,. 





Silioio 
chloride. 




Zinoio 
ethide. 


Silioio 
ethide. 


Zinoio 
chloride. 


r c,H,ci 






r C,H,Et 






2-^ 


+ 


ZnEt, = 


= 2-^0 


+ 


ZnCl, 


Chlorether. 




Zinoio 
ethide. 


Ethylo- 
ohlorether. 




Zinoio 
chloride. 




■0,H.Et 






fC,H,Et 






2< 





+ 


ZnEt^ = 


= 2-^0 

{ C,H,Et 


+ 


ZnCl, 




Ethylo- 
ohlorether. 




Zinoio 
ethide. 


Diethylated 
ethylic ether. 




Zinoio 
chloride. 



Diethylated ethylic ether is isomeric with butylic ether, and 
contains the radical methylo-ethjlated methyl (see p. 8). 
By oxidation it would doubtless give methylated acetone 
(p. 187). 

7. Oxygen may also be displaced in a similar manner. 
Thus :— 



2'N'' 0, + ZnEt, = 



2^2 



N,OEt-0— 1 

Zn" 
N,OEt-0 — I 






// 



Nitric 
oxide. 



Zinoio 
ethide. 



Zinoio dinitro-ethylate. 



This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of nitrogen atoms : — 



COEt-O — I cEtO 

Zincic propionate ... Zn" or i^-cixXZno". 

^ ^ COEt-O—i 



CEtO^ 



8. An analogous reaction is observed with sulphurous anhy- 
dride : — 



2S0, + ZnMe, = 



SMeO, 



SulphoroTxs 
anhydride. 



Zinoio 
methide. 



SOMe-On 

Zn" or o^'XZno". 
SOMe-OJ SMeO 

Zindo methyldithioniate. 
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9. When ethylic borate is acted upon by zincic methide, the 
etboxyl becomes replaced by methyl : — 

BEtOg + SZnMej = BMOg + 3ZnMeEto. ^ 

Ethylio Zindo Bono Zincic methide 

borate methide. methide. ethjlate. 

10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, ethylic diethoxalate is formed : — 

{ cSe£+ ^"E'»+ 20H,= { gg^f; ^ ^^^^ ^ EtHo. 

Ethylic Zincic Water. Ethylio Zincic Alcohol, 

oxalate. ethide. diethoxalate. hydrate. 

11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zinc for hydrogen : — 

ZnEt, + 2NH3 = ZnAda + 2EtH. 

Zindc Ammonia. Zincic amide. Ethylic 

ethide. hydride. 

12. The organo-zinc compounds, by losing one semimolecule 
of their organic radical, become monad radicals, as shown by 
the following formulae : — 

Methylozincic dinitrome- 1 'n" OMe-O-fZnMe). 
thylate J ' ^ ' 

Ethylozincic dimtroethy- 1 ,^., 0Et.0.(ZnEt). 
late J * 

Ethylic ethylo-zincic di- f CEt^-O^ZnEt) 
ethoxalate 1 COEto 

13. Mercuric ethide, when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element : — 

HgEt, + Br^ = HgEtBr -f EtBr. 

Mercnrio Hercnric Ethylic 

ethide. ethobromide. bromide. 

14. Mercuric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HgMe, + Hgl, = 2HgMeL 

Mercnrio Mercuric Meroirio 

methide. iodide. methiodide. 
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The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the formulaB 

' HgEtHo and HgMeHo. 

Mercuric Mercuric 

efchohjdrate. methohjdrate. 

15. The org(mO'8tannou8 compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEt, + I^ = SnEtJ,. 

stannous Stannic 

ethide. iododiethide. 

16. Sypostannic organo- compounds undergo a similar trans- 
formation :— 

'Sn"',Ete + I^ = 2SnEt3l: 

Hjpostannic Stannic 

ethide. iodotriethide. 

SnEtgl 4-1^ = SnEtJ, + EtI. 

Stannic Stannic Ethjlio 

iodotriethide. iododiethide. iodide. 

17. Sypostannic ethodiniodide is formed by the action of 
iodine upon stannic ethodimethide : — 

2SnEt,Me, + le = 'Sn"',EtJ., + 4MeI. 

Stonnio Hypostannic Methylic 

ethodimethide. ethodiniodide. iodiae. 

18. Stannic ethide, when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylie hydride : — 

SnEt^ + Ha = SnEtgCl -f EtH. 

stannic Hydrochloric Stannic Ethjlio 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formulae are : — 

f SnEtg 
Oxide ...^ O ; Hydrate... SnEtgHo. 
SnEt 



"3 



These compounds, and the salts which they form, correspond 
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in compositioD, constitution, and, to a certain extent, in pro- 
perties, with the compounds of methyl : — 

AloohoL Haloid ether. Ether. 

Methylic CH3H0. CH3CI. ^O .; 

CH 



8 



f SnEt3 

Stanntriethylic SnEtgHo. SnEtgCl. < O 

I SnEts 

19. Stannic chlorodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEt.CL, + Zn = SnEt, + ZnCl,. 

stannic Stannous Zincio 

chlorodiethide. ethide. chloride. 

20. Perplumbic ethide resembles stannic ethide in its re- 
actions; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride : — 

PbEt, + HCl = PbEtgCl + EtH. 

Ferplmnbio Hydrochlo- Perplulnbic Ethylic 

ethide. no acid. chlorotriethide. hydride. 

21. Ferplu/mMc triethohydrate (PbEtgHo) is a powerful base, 
forming salts with acids. 

22. The organs-tellurium compownds form oxides and salts. 
The foUowing are the formulsB of tellurium ethide and some of 
its compounds : — 

Tellurium ethide TeEt^. 

Tellurous diethoxide TeEt^O. 

Tellurous diethiodide TeEtJj. 

Tellurous diethosulphate TeEt^CS^O J ". 

Constitution of Organometallic Bodies. 

The organometallic compounds are constituted on the types of 
the metals they contain. It was, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hexad types. 
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The organic deriTativeB of the monad metals are formed on 
the type of potassic chloride (KCl) : — 

H H 
K— CI K— C— C— H 



H H 

Potassic chloride. Potassic ethide. 

The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (ZnCl^) : — 

H H H H 

II II 

CI— Zn— CI H— C— C— Zn— C— G-H 



Zincio chloride. 



H H H 

Zincio ethide. 

H H 



H 



— He— C— C— 



I-Hg 



H 



H H 

Mercuric iodethide. 

The organo-aluminic compounds are formed upon the type 
of aluminic chloride ('Al"',Cle) :— 

H H 

H— C— H H— C— H 



CI CI 



H 



CI— Al— Al— CI H— C Al 

I 
H 



CI CI 



H 

I 
Al C— H 

I 
H 



H-^C— H H—C— H 



H 



H 



Alnmiiuc chloride. 



Alaminio xnethide. 



The organo-tin compounds are formed upon the three types 
Sn"Cl2, 'Sn"',Cle, and SnCl,,— the first resembling the zincic 
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chloride type, and the second the aluminic chloride lype (see 
p. 232) :— 

CI Et Et Et 



CI— Sn— CI Et— Sn— I Et—Sn—Et Et— Sn— Et 

I 1 J, I 

CI I Et I 

« 

Stannio chloride. Stannic iododiethide. Stannic ethide. Stasnic iodotriethide. 

Et Et Et 



Et— Sn— 0— H . Et— Sn— 0— Sn— Et 

Et Et Et 

stannic Ixiethoh jdrate. Distannio hezethoxide. 

The inorganic types of the organo-tellurium series are TeCl^ 
and TeOj :— 

CI— Te— CI 0=Te=0 

Tellurium oUoride. Telloroius oxide. 

.Et Iv /Et 
Et— Te— Et 0=Te''^ yv/ 

\Et I/-^®\Et 

Tellorium ethide. Tellorons diethoxide. Tellnrons 

diethiodide. 

The organo-arsenic, antimony, and bismuth compounds are 
derived from the types 'As",S"„ AsClg, AsOHOg, SbCl,, SbC]„ 
BiClg, and BiOaHo (see pp. 204, 211, and 214) :— 

O O 



H— 0— As— 0— H H— 0— As— 0— H 

I I 

O Me 

I 
H 

Anenic acid. Monomethylanenio acid. 

o o 

II 



Me— As— 0— H Me— As— Me 

I 



M< 



.e Me 

Cacodylic add. Anenic ozytrimethide. 
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The effect of the substitution of positive for negative radicals 
in compounds is strikingly exhibited in the case of arsenic acid, 
AsOHOg, as illustrated in the above graphic representations. 
By the substitution of one semimolecule of methyl for hydroxyl, 
a well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethylarsenic acid, AsOMeHo^. By the 
replacement of a second semimolecule of hydroxyl by methyl, 
a very feeble acid, cacodylic acid, AsOMegHo, is obtained. 
By the replacement of the third semimolecule of hydroxyl 
by methyl, the acid properties are completely destroyed, a 
feeble base, the arsenic oxytrimethide, being formed, AsOMe,. 
Finally, by the substitution of methyl and hydroxyl for the 
remaining atom of oxygen there is produced a powerful base, 
tetramethylarsenic hydrate, AiiMe^Ho. 

The following is a list of the principal organometaUic 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 

Pota ssio-zincic methide KMe,ZnMejj. 

Potassio-zincic ethide KEtjZnEt^. 

Sodio-zincic ethide NaEt ,ZnEt j. 

Lithio-zincic ethide LiEtjZnEtj. 

Lithio-mercuric ethide LiEtjHgEt,. 



II. Organo- compounds containing dyad metals : — 

Magnesic ethide MgEt^. 

Zincic methide ZnMe^. 

Zincic ethide ZnEt^. 

Zincic amylide ZnAy^. 

Mercuric methide HgMe^. 

Mercuric ethide HgEt^. 

Mercuric methiodide HgMel. 

Mercuric ethonitrate HgEt( N^Og) . 

Stannous ethide "Sn"Et2. 

Tellurium methide TeMej,. 
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III. Organo- compounds containing triad metals : — 

These compounds belong to the 11th family of organic 
bodies, and have been treated of at p. 202. 

IV. Organo- compounds of tetrad metals : — 

Stannic methide SnMe^. 

Stannic iodotrimethide SnMegl. 

Stannic iododimethide SnMejIj. 

Hypostannic ethide 'Sn"'2Etg. 

Stannic ethylodimethide SnEt^Me^. 

Stannic pbenyl-triethide SnPhEtg. 

Stannic ethophenyl-dichloride SnPhEtClj,. 

Hypostannic ethodiiodide 'Sn"'2Et^Ij. 

Perplumbic ethide PbEt^. 

Perplumbic chlorotriethide PbEtgCl. 

V. Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been already treated of at pp. 211 and 214. 
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Aoetamide, 206. 


Acic 


Acetic series of acids, 114. 


1) 


„ series of acids, relations of, to 


)} 


acrylic series, 132.' 


j» 


„ series of acids, relations of, to 


11 


lactic series, 142. 


It 


Acetic series, relations of succinic 


11 


series to, 162.; 


11 


Acetone, 187. 


11 


„ diethylated, 187. 


a 


„ dimethylated, 187. 


11 


ethylated, 186. 


11 


„ methylated, 187. 


11 


Acetyl, 25. 


11 


Acetylene, 21. 


11 


„ series of radicals, 21. 


11 


Acetylic chloride, 126. 


11 


„ nitride, 210. 


It 


Acetylide of copper, 23. 


11 


Acid, acetic, 123. 


11 


„ aceto-lactic, 136, 137. 


11 


„ acetonic, 150. 


11 


„ aconitic, 178. 


11 


„ acryUc, 81, 111, 133. 


11 


„ adipic, 160. 


11 


„ alizaric,. 177. 


11 


„ alpha-cymic, 166. 


11 


,, alpha-toluylic, 166. 


11 


„ alpha-xylic, 156. 


11 


„ amidocaproic, 150. 


11 


„ amidodinitrophenylic, 69. 


11 


„ anchoic, 160. 


It 


„ angelic, 130. 


11 


„ anisic, 156. 


11 


„ anthraflayic, 177. 


11 


„ anthraquinonic, 176. 


11 


„ aposorbic, 84. 


11 


„ arachidic, 116. 


11 


„ atropic, 156. 


11 


„ behenic, 116. 


It 


„ benzenic, 166. 


ti 


„ benzoic, 155, 167, 180. 


It 


„ brassic, 130. 


11 


„ bromotricarballylic, 178. 


11 



bromphenylic, 69. 
butyric, 126. 

cacodyUc, 206, 214, 233, 234. 
capric, 116. 
caproic, 116. 
caprylic, 116. 
carbolic, 67. 
carbomethylic, 144. 
cerotic, 116. 
chloropropionic, 147. 
cimicic, 130. 
cinnamic, 155. 
citraconic, 166. 
citric, 178. 
coUinic, 156. 
convolvulinoleic, 151. 
cresotic, 166. 
crotonic, 130. 
)3 crotonic, 131. 
cuminic, 166. * 

(yanic, 32. 
cyanuric, 32. 
damaluric, 130. 
damolic, 130. 
desoxalic, 179. 
dextrotartaric, 173. 
diamylacetic, 129. 
dibromosuccinic, 168. 
dichloracetic, 124. 
dichlorphenylic, 69. 
diethacetic, 129. 
diethoxalic, 138. 
dimethacetic, 128. 
dimethoxalic, 138, 160. 
dinitrophenylic, 69. 
disulphaothraquinonic, 176. 
doeglic, 130. 
elaidic, 130. 
erucic, 130. 
eirthric, 76. 
ethacetic, 126. 
ethomethoxalic, 138. 
ethylcrotonic, 131. 
ethylglycollic, 150. 
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ethyl-lactic, 137. 
formic, 121. 
fulminuric, 32. 
fumaric, 166. 
gaidic, 130. 
gallic, 157. 
glyceric, 80, 152. 
glycollamic, 157. 
glycollic, 71, 91, 136. 
glycomalic, 173. * 
glyoxalic, 151. 
dyoxylic, 152. 
hemimellitic, 180. 
hexahydrophthaliOi 175. 
hippuric, 157. 
homolactic, 145. 
homotartaric, 173. 
hyaenasic, 116. 
hydrocyanic, 27, 49. 
hydroferrocyanic, 31. 
hypogseic, 130. 
isobutyric, 128. 
iBOchloropropionic, 149. 
isodibromosucciiiic, 168. 
isomaleic, 166. 
isophthalic, 180. 
iBopropacetic, 115, 127. 
isosuocinic, 166. 
itaconic, 166. 
itatartaric, 171. 
ialapinoleic, 151. 
lactamic, 109, 147. 
lactic, 109, 143, 147, 148. 
laevotartaric, 174. 
lauric, 116. 
lecanoric, 76. 
leucic, ldi6. 
maleic, 166. 
malic, 164, 172. 
malonic, 148, 160. 
mamiitic, 84. 
margaric, 116. 
meliasic, 116. 
mellitic, 179. 
mellophanio, 180. 
mesaconic, 166. 
metagallic, 83. 
metatartaric, 174. 
methacetic, 125. 
methacrylic, 131. 
methethaoetio, 127. 
methylcrotonic, 131. 
methylglyoollio, 137, 145. 
methyl-lactiCi 135. 
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monochloracetic, 124. 
monom^ethylarsenic, 214, 233, 

234. 
moringic, 130. 
mucic, 84. 
myristic, 116. 
nitrophenylic, 69. 
oenanthylic, 115. 
oleic, 134. 
orsellinic, 76. 
oxalic, 34. 
oxamic, 35. 
oxybutyric, 136. 
oxymethyl-phenylformic, 156. 
palmitic, 116. 
pandactic, 139, 145. 
paraleucic, 139. 
paraphloretic, 156. 
pelargonic, 115 
percmorphenylic, 69. 
phenoic, 155. 
phenomialic, 81. 
phenylic, 68. 
phthalic, 180. 
physetoleio, 130. 
picramic, 69. 
picric, 69. 
pimelic, 160. 
prehnitic, 180. 
propionic, 125. 
propylacetic, 127. 
pyroitauric, 171. 
pyromellitic, 179, 180. 
pyrotartaric, 160, 171. 
pyroterebic, 130. 
pyruTic, 151. 
racemic, 174. 
ricinoleic, 151. 
roccellic, 160. 
saccharic, 84. 
salicylic, 156. 
sebacic, 160. 
silicopropionio, 220. 
stearic, 116. 
suberic, 160. 
succinethylic, 189. 
succinic, 163. 
sulphamylic, 88. 
sulphomethylio, 87, 99. 
sulphovinio, 88. 
tannic, 158. 
tartaric, 83, 173. 
tartaric (inaotire), 174. 
tartronic, 80, 172. 
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Acid, tartrophthalic, 176. 
terephthalic, 180. 
tetrahydrophthalio, 176. 
thymotic, 156. 
toluylic, 155. 
tricarballylic, 177, 178. 
trichloracetic, 124. 
trichlorpheuylic, 69. 
trimellitic, 180. 
trimesic, 180. 
trimetbacetic, 129. 
trinitro-orcinic, 76. 
trinitrophenylic, 69. 
yalerianic, 126. 
valeric, 126. 

valeric (isomeric forms), 126. 
valerolactic, 136. 
xylic, 155. 
Acsids, acetic or fatty series of, 114. 
acetoid series of, 159. 
acrylic series of, 130. 
benzoic or aromatic series of, 

153. 
classification of, 113. 
derivation of, from alcobols, 

113. 
dibasic, 158. 

dibasic, formation of, 158. 
dibasic, reactions of, 158. 
dibasic, fumaric or acryloid 

series of, 166. 
dibasic, other series of, 175. 
dibasic, succinic or acetoid 

series of, 159. 
dibasic, tartaric or glyoxyloid 

series of, 173. 
fumaric or acryloid series of, 

166. 
glyoxylic series of, 152. 
hexabasic, 179. 
lactic series of, 134. 
lactic series of, classification 

of, 135. 
lactic series of, definition of, 

134. 
lactic series of, relations to 

acetic series, 142. 
lactic series of, relations to 

acrylic series, 142. 
law of basicity of, 113. 
midic or lactoid series of, 172. 
monobasic, 113. 
normal fatty, ascent of the 
series, 121. 
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normal fatty, formation of, 
117. 

normal fatty, relations of, to 
CnH2n+ iHo alcohols, 120. 

normal fatty, relations of, to 
CnH.2n+i radicals, 119. 

normal fatty, relations of, to 
each other, 121. 

normal, of acetic series, 115. 

normal, of acrylic series, 130. 

normal, of acrylic series, for- 
mation of, 131. 

normal of fatty series, forma- 
tion of, 117. 

normal, of fattv series, occur- 
rence of, 116. 

normal, of lactic series, forma- 
tion of, 141. 

of acrylic series, relations of, 
to acetic series, 132. 

of lactic series, isomerism of, 
143. 

olefine, of acrylic series, 131. 

olefine, of acrylic series, for- 
mation of, 132. 

olefine, of lactic series, forma- 
tion of, 141. 

oleic series of, 130. 

organic, 112. 

pyruvic series Of, 151. 

secondary fatty, 128. 

secondary, of acrylic series, 
131. 

secondary, of acrylic series, 
formation of, 131. 

secondary of lactic series, 
137. 

secondary, of lactic series, for- 
mation of, 141. 

snccinic series of, 159. 

succinic series of, relations to 
acetic series, 162. 

succinic series of, relations to 
dyad radicals, 161. 

succinic series of, relations to 
lactic series and to. glycols, 
161. 

tertiary fatty, 129. 

tetrabasic, 179. 

tribasic, 177. 

tribasic, aconitio or acryloid 
series, 177. 

tribasic, citric or lactoid series, 
178. 
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Acids, tribasic, tricarballylic or aoe- 

toid series, 177. 
Acridine, 200. 
Acrolein, 80, 110. 
Acryl, 25. 

Acrylic series of acids, 130. 
Acrylic series of acids, relations of, 

to lactic series, 142. 
Acryloid or fumaric series of acids, 
166. 
„ series of acids, isomerism 
in, 166. 
Alanin, 109, 147. ^ 
Alcohol, allylic, 65. 

amylic, 52, 60. 

benzylic, 67. 

butyUo, 52, 59. 

caproylic, 52. 

caprylic, 53. 

cerotic, 53. 

cetylic, 53. 

cresylic, 67, 70. 

cumylic, 67. 

decatylic, 53. 

dimethylphenylic, 67. 

ethylenic, 71. 

ethylio, 52, 57. 

heptylic, 53. 

hezylic, 52. 

isamylic, 52. 

isobutylic, 52. 

isopropylio, 60. 

melissic, 53. 

methylic, 52, 66. 

nonylic, 53. 

octylic, 53. 

OBnanthylic, 53. 

pentabydric, 84. 

pentylic, 52. 

phenylio, tertiary, 67, 68. 

phenylic, substitution pro- 
ducts of, 69. 

propylic, 52, 59, 62. 

pseudamylic, 52. 

pseudobutylic, 62. 

pseudohexylic, 60. 

stanntriethylic, 231. 

sulphur, 59. 

syoocerylic, 67. 

tetrahydric, 83. 

tetrylic, 52. 

thymylic, 67. 

Tinyhc, 64. 

xylylic, 67. 
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Alcoholates, 58. 
Alcohols, 49. 

dihydric, 51. 

dihydric, glycol series, 70. 
dihydric, orcin series, 74. 
monohydric, 50, 52. 
monohydric, methyl series, 

52. 
monohydric, methyl series, 

normal, 52. 
monohydric, methyl series, 

secondary, 52, 60. 
monohydric, methyl series, 

tertiary, 52, 62. 
monohydric, phenyl series, 

66. 
monohydric, phenyl series, 

normal, 66, 67. 
monohydric, phenyl series, 

tertiary, 67. 
monohydric, yinyl series, 

63. 
polyhydric, 83. 
relations of, 53. 
relations of, to fatty adds, 

120. 
secondary, oxidation of, 

62. 
trihydric, 51. 
trihydric, glycerin series^ 

77. 
trihydric, pyrogallic series, 

81. 

Aldehyde, acetic, 108. 
acrylic, 110. 
benzoic. 111. 
butyric, 108. 
capric, 108. 
cuminic, 111. 
euodic, 108. 
formic, 108. 
lauric, 108. 
OBnanthic, 108. 
palmitic, 108. 
propionic, 108. 
salicylic, 156. 
valeric, 108. 
Aldehydes, 105. 

definition of, 105. 

deriyed from the 
C„H2,i4.iHo alcohols, 
108. 

from the C»H2»_iHo al- 
cohols, 110. 
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Aldehydes from the CnHgn-yHo al- 


Anhydride, butyric, 182. 


cohols, 111. 


„ caproic, 183. 


„ preparation of, 105. 


„ caprylic, 183. 


„ reactions of, 107. 


lactic, 183. 


Alizarin, 176. 


„ oenanthylio, 183. 


Alkalamides, 209. 


„ palmitic, 183. 


„ constitution of, 209. 


„ pelargonio, 183. 


Alkaloids, artificial, 191. 


„ propionic, 182. 


„ from cinchona, 201. 


„ silico-formic, 218. 


„ from nightshade, 202. 


„ succinic, 184. 


„ from nux vomica, 202. 


„ yaleric, 182. 


„ from opium, 201. 


Anhydrides, 181. 


, , from tea, coffee, and cocoa. 


„ conversion into acids. 


202. 


182, 183. 


„ from tobacco, 202. 


„ definition of, 181 . 


„ the natural, 201. 


„ of the dihydric dibasic 


AUyl, 13. 


acids, 184. 


Allylamine, 192. 


„ of the dihydric mono- 


AUylene, 21. 


basic adds, 183. 


Allylic iodide, 79, 94. 


, , of the monohydric mo- 


„ sulphide, 66. 


nobasic acids, 182. 


„ sulphocyanate, 66. 


Aniline, 191. 


Aluminic ethide, 226. 


Aniline blue, 198. 


Amarine, 200. 


„ violet, 198. 


Amides, 190, 205. 


Anthracene, 176. 


„ definition of, 205. 


Anthraquinone, 176. 


Amines, 191. 


Antimonic acids, organic, 215. 


„ classification of, 191. 


Antimony, organic compounds of, 


„ diacid salts of, 213. 


190. 


„ monacid salts of, 213. 


Arbutin, 75. 


„ normal salts of, 212. 


Aricine, 201. 


„ salts of, 212. 


Aromatic series of acids, 153. 


Ammonia-boric ethide, 218. 


Arsenic acids, organic, 214. 


„ methide, 216. 


Arsenic, organic compounds of, 190. 


Ammonia type, 4, 5. 


Arsenic oxydichlormethide, 214. 


Ammonic chloride type, 4, 5. 


„ oxytriraethide, 233, 234. 


Amoxyl, 5. 


„ tetrachlormethide, 214. 


Amygdalin, 112. 
Amyl, 11. 


„ trimetho-dichloride, 214. 


„ trimethoxide, 214. 


Amylamine, 192. 


Arsenious oxybases, 204. . 


Amyl benzol, 14. 


Arsine triethyl, 204. 


Amylene, 17. 


„ trimethyl, 204. 


Amylenic chloride, 103. 


Arsines, 190, 202. 


„ bromide, 103. 


„ salts of, 214. 


„ oxide, 90. 


Ascent of the alcohol series, 55. 


Amyl glycerin, 78. 


Atropine, 202. 


Amylic iodide, 102. 


Azobenzol, 48. 


Amylide, zincic, 234. 




Amyl toluol, 14. 


Bases, caustic antimony, 211. 


„ xylol, 15. 


„ caustic arsenic, 211. 


Anhydride, acetic, 182. 


, , caustic nitrogen, 211. 


„ acetobenzoic, 183. 


„ caustic phosphorus, 211. 


„ benzoic, 183. 


„ imidogen, 193. 
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Bases, organic, 191. 

„ oxyantdmonic, 212. 

,, oxyarsenic, 211. 
Benzamide, 206. 
Benzene, 44. 
Benzine, 44. 

Benzoic series of acids, 153. 
Benzol, 42, 44. 

bromooompounds of, 45. 
chlorocompounds of, 47. 
substitution deriyatiyes of, 
43. 

Benzonitrile, 154. 
Benzophenone, 188. 
Benzoyl, hydride of, 111. 
Benzyl, 14. 
Betaorcin, 74. 
Bicarburet of hydrogen, 44. 
Bismuthines, 190, 202. 
Bismuthine triethyl, 204. 
Boric diethochloride, 217. 

„ ethide, 217. 

„ etho-diethylate, 218. 

„ etho-dihydrate, 218. 

„ methide, 216. 
Bromacetylene, 24. 
Bromethylene, 103. 
Bromhydrin, 104. 
Brucine, 202. 
Butoxyl, 5. 
Butyl, 11. 
Butylamine, 192. 
Butylene, 17. 
Butylenic bromide, 103. 
„ chloride, 103. 
Butylic iodide, 83. 
Butyrone, 187. 

Cacodyl, 205. 
Cacodylic acid, 205, 214. 
chloride, 205. 
oxide, 205. 
trichloride, 214. 
Caffeine, 202. 
Caproyl, 11. 
Caprylene, 18. 
Carbinol diethyl-propyl, 62. 

dimethyl, 60. 

dimethyl-ethyl, 62. 

dimethyl-isopropyl, 62. 

dimethyl-propvl, 62. 

methyl-butyl, 60. 

methyl-diethyl, 62. 



>> 
I) 



11 



11 



11 



11 



11 



11 



11 



11 



11 



Carbinol methyl-ethyl, 60. 
methyl-hexyl, 60. 
methyl-isopropyl, 60. 
methyl-nonyl, 60. 
methyl-propyl, 60. 
triethyl, 62. 
trimethyl, 62. 
Carburetted hydrogen, light, 39. 
Caustic antimony bases, 211. 
arsenic bases, 211. 
nitrogen bases, 211. 
phosphorus bases, 211. 
Cerotene, 18. 
Cetene, 18. 
Chloracetamide, 206. 
Chloral, 110. 

„ alooholate, 110. 
„ hydrate, 110. 
Chloranil, 76. 
Chloraniline, 210. 
Chlorether, 228. 
Chlorhydrate, ethylenic, 95. 
Chlorhydrin, 95, 104. 
Chloride, methylic, 101. 
Chlorine, action of. on the radicals 

of the ethylene series, 18. 
Chloro-compounds of benzol, 47. 
Chloroform, 100. 
Chloropropionylic chloride, 142. 
Chrysaniline, 199. 
Cinchonine, 201. 
Citramide, 209. 

Citryl-triphenyl-triamide, 209. 
Classification of organic compounds, 

8. 
Codeine, 201. 
ColUdine, 194. 
Compound organic radicals, 9. 

negatiye radicals, hy- 
drides of, 37, 49. 
oxamides, 36. 
positiyo radicals, hy- 
drides of, 37. 
Compounds, organic, definition of, 

Condensed diadelphic type, 5. 

Conine, 193. 

Constituents of oiganic compounds, 

Crotonylene, 21. 
Cryptopine, 201. 
Cumol, 42. 
Cuprosoyinylic ether, L3. 
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Cyamelide, 32. 
Cyanethine, 201. 
Cyanic hydride, 49. 
Cyanides, double, 29. 

„ easily decomposable, 30. 

„ single, 29. 
Cyanmethine, 201. 
Cyanogen, 26, 27. 

„ chlorides of, 32. 

Cymol, 42. 



Definition of compound organic ra- 
dicals, 2. 
„ organic compounds, 1. 

Derivatives of glycol, 72. 
Derivatives, substitution, of benzol, 

45. 
Development of formula, 6, 7, 8. 
Diacetic glycol, 189. 
Diacetimide, 207. 
Diacetin, 189. 
Diadelphic type, 4, 5. 
Dialkalamides, 209. 
Diamides, 207. 

constitution of, 207. 

formation of primary, 
208. 

primary, 208. 

secondary, 208. 

tertiary, 208. 
Diamines, 191, 195. 

formation of, 195. 

monacid salts of, 213. 

normal salts of, 213. 

oxides of, 196. 

primary, 195. 

secondary, 195. 

tertiary, 195. 
Dibasic acids, 158. 

anhydrides of, 184. 
fumaric or acryloid 
series of, 166. 
Dibrombenzol, 45. 
Dibutylamine, 193. 
Dibutyraldine, 200. 
Dichloraniline, 210. 
Dichlorbenzol, 47. 
Dichlorhydrin, 96, 104. 
Dichlorinated methylic chloride, 

100. 
Dichlorinated methylic ether, 87. 
Diethylamine, 193. 
Diethylammonio iodide, 193. 
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Diethylated acetone, 187. 

„ ethylic ether, 228. 

Diethylbenzol, 43. 
Diethylene triammonic dichloride, 
213. 
triammonic monoclilo- 

ride, 213. 
triammonic trichloride, 
213. 
Diethyl oxamide, 209. 
Diethylphosphonio zincic iodide, 

202. 
Diethyl urea, 197. 
Dihydric alcohols, 70, 74. 
Dimethylamine, 193. 
Dimethylaniline, 195. 
Dimethylated acetone, 187. 
Dimethylcumidine, 195. 
Dimethylcymidine, 195. 
Dimethyloxamide, 36. 
Dimethylphenylammonic chloride, 

194. 
Dimethyltoluidine, 195. 
Dimethyltolylammonic chloride, 

194. 
Dimethylxylidine, 195. 
Dinitrobenzol, 49. 
Diphenyl-carbonyl-oxalyl dlamide, 

209. 
Diphenyloxamide, 36. 
Diphenyl rosaniline, 198. 
Disilicic hexachloride, 219. 
Disilicic oxy-hexaethide, 220. 
„ oxy-hexaethylate, 220. 
„ oxy-hexametJ;ylate, 219. 
Double cyanides, 29. 

„ monadelphic type, 5. 
Dyad positive radicals, 9, 16, 21, 24. 

action of chlo- 
rine on, 18. 
haloid ethers 

of, 102. 
reactions of 
ethylene se- 
ries of, 18. 

Elaldehyde, 109. 
Epichlorhydrin, 96, 106. 
Erythrite, 83. 
Erythroglucin, 83. 
Erythromannite, 83. 
Ether, 85. 
„ aUylic, 89. 
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Ether amylic, 8C. 
benzylic, 89. 
butylic, 86. 
cuprosovinylic, 23. 
diethylated ethylic, 228. 
dimethaoetic, 128. 
disodacetic, 128. 
ethylenic, 90. 
ethylic, 85, 87. 
ethylic amylic, 86. 
ethylic butylic, 86. 
glycylic, 93. 
methylic, 85, 87. 
methylic amylic, 85. 
methylic ethylic, 85. 
monosodacetic, 121. 
phenylic, 89. 
phenylbenzyl, 90. 
stanntriechylic, 231. 
sulphomethylic, 190. 
sulphuric, 87. 
trimethacetic, 129. 
Ethers, 85. 

formation of, 86. 

haloid, 93. 

haloid, of the dyad positive 

radicals, 94, 102. 
haloid, of the monad positive 

radicals, 93, 96. 
haloid, of the triad positive 

radicals, 95, 104. 
of the dihydric alcohols, 85, 

90. 
of the methyl series, 85. 
of the monohydric alcohols, 

85. 
of the phenyl series, 89. 
of the trihydric alcohols, 85, 

93. 
of the vinyl series, 89. 
Ethereal salts, 188. 

salts, decomposition of, 190. 
salts, definition of, 188. 
salts of dihydric alcohols, 
189. 
„ salts of dibasic acids, 189. 
salts of dibasic acids, acid, 

189. 
salts of dibasic acids, normal, 

189. 
saltsof monobasic acids, 189. 
salts of monohydric alco- 
hols, 189. 
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Ethereal salts of tribasic acids, 180. 
salts of tribasic acids, acid, 

189. 
salts of tribasic acids, nor- 
mal, 189. 
salts of trihydric alcohols, 

189. 
salts, production of, 188. 
Ethide, boric, 217. 

hypostannic, 230. 
lithiomercuric, 234. 
lithiozincic, 234. 
magnesic, 234. 
mercuric, 225. 
perplumbic, 231. 
potassic, 232. 
potassio-zincic, 234. 
sodio-zincic, 234. 
stannic, 225. 
stannous, 230. 
tellurium, 231. 
zincic, 225. 
Ethobromide, mercuric, 229. 
Ethodimethide, stannic, 230. 
Ethodiniodide, hypostannic, 230. 
Ethohydrate, mercuric, 230. 
Ethonitrate, mercuric, 234. 
Ethoxyl, 5. 
Ethyl, 11, 12. 
Ethyl acetamide, 209. 
acetone, 187. 
acetyl, 187. 
butyral, 187. 
diaoetamide, 209. 
propionyl, 187. 
urea, 196. 
Ethylamme, 99, 192. 
Ethylammonic chloride, 212. 

„ iodide, 99. 

Ethylamylamine, 193. 
Ethylated acetone, 187. 
Ethylene, 16, 20. 

andethylidene compounds, 

isomerism of, 19, 146. 
compounds, 18. 
diamine, 197. 
Ethylene-diammonic dibromide,196. 

dichloride,213. 
monochloride, 

213. 
oxide, 196. 
Ethylene diethyl diamine, 197. 
series, 16. 
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Ethylene series of radicals, action 
of chlorine on, 18. 
„ series of radicals, ^para- 
tion of, 16. 
Ethylenic bromide, 103. 
chloride, 102. 
chlorhydrate, 95, 102. 
cyanide, 104. 
dichloride, 95. 
etlier, 90. 
iodide, 103. 
iodhydrate, 102. 
nitrile, 104. 
oxide, 90. 

oxide, isomers of, 91. 
oxide, reactions of, 91. 
Ethylic acetate, 189. 
„ borate, 217. 
„ chloride, 101. 

a cyanpropionate, 166. 
/3 cyanpropionate, 165. 
„ diethaceto-acetate, 186. 
„ diethoxalate, 229. 
„ disodacetate, 185. 
„ disodacetoacetate, 186. 
„ ethacetoacetate, 186. 
„ ether, 90. 

„ ethylozincicdiethoxalate,229. 
„ iodide, 101. 
„ sodacetoacetate, 186. 
succinate, 189. 
sulphhydrate, 59. 
sulphiae, 89. 
trisodacetate, 186. 
Ethylidene and ethylene compounds, 
isomerism of, 19, 146. 
compounds, 19. 
cyanhydrate, 147. 
dichloride, 109. 
Ethylochlorether, 228. 
Ethylo-zincic dinitroethylate, 229. 
„ ethylic diethoxalate, 

229. 
Ethyl-phenyl, 43. 
Ethyl-phenylamine, 193. 
Ethyl-phenylammonic iodide, 193. 
Ethyl-xylol, 43. 

Fatty acids, normal, 115. 

acids, secondary, 128. 

acids, tertiary, 129. 

series of acids, 114. 
Ferricyanide, potassic, 31. 
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Ferrocyanide potassic, 30. 

Fire-damp, 39. 

Formulae, development of, 6. 

„ graphic, of organic com- 
pounds, 7. 
Formyl, 26. 

Formyl-diphenyl diamine, 98. 
Fumaric or acryloid series of acids, 
166. 
„ series of acids, isomerism 
in, 166. 
Furfurine, 200. 

Gaultheria procumbens, oil of, 56. 
Glucose, 84. 
Glycerin, 77, 78. 

relations of, 79, 80, 81. 
Glycol, acetobutyric, 73. 

amylic, 70- 

bromethylic, 72. • 

bromhydric, 72. 

butylic, 70. 

chlorhydric, 72, 102. 

cyanhydric, 148. 
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„ diacetic, 71, 189. 
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diethylenic, 73. 
diethylic, 72. 
disodic, 72. 
ethylic, 71. 
hexethylenic, 73. 
hydric ethylic, 72. 
iodhydric, 102. 
monacetic, 72, 103, 189. 
„ monosodic, 72. 
pentethylenic, 73. 
propylic, 70. 
sulphur, 72. 
tetrethylenic, 73. 
triethylenic, 73. 
Gly collie acetobromide, 72. 
Glycols, 70. 

polyethylenic, 73. 
relations of succinic series 
to, 161. 
Glycolyl, 25. 
Glyoxal, 152. 
Glyoxyloid series of dibasic acids, 

173. 
Graphic formulas of organic com- 
pounds, 7. 
Guanidine, 200. 
Guanine, 200. 
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Haloid compounds of oxybases, 190, 
210. 
ethers, 93. 
ethers of the dyad positive 

radicals, 94, 102. 
ethers of the monad positive 

radicals, 93. 
ethers of the triad positive 
radicals, 95, 104. 
Heptylene, 18. 
Hexylene, 17. 
Hofmann's violet, 199. 
Homopyrocatechin, 74. 
Hydrazobenzid, 48. 
Hydride, amylic, 39, 41. 
butylic, 39. 
caproylic, 39. 
cyanic, 49. 
det^atylic, 39. 
dodecatylic, 39. 
endecatylic, 39. 
ethylic, 39, 40. 
heptylic, 39. 
hexylic, 39. 
methylic, 39. 
nonylic, 39. 
octylic, 39. 
oxatylic, 49. 
pentadecatylic, 39. 
pentylic, 39. 
phenylic, 44. 
propylic, 39. 
tetradecatylic, 39. 
tetrylic, 39. 
tridecatylio, 39. 
tritylic, 39. 
Hydrides of compound negative ra- 
dicals, 37, 49. 
of compound positive ra- 
dicals, 37. 
of the radicals of the me- 
thyl series, 37. 
of the radicals of the me- 
thyl series, preparation 
of, 38. 
of the radicals of the phe- 
nyl series, 42. 
Hydrochloric glycide, 96, 105. 
Hydrocotarnine, 201. 
Hydrogen, bicarburet of, 44. 
Hydroquinone, 75. 
Hydrosulphate of ethyl, 59. 
Hypostannic ethide, 230. 
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Hypostannic ethodiiodide, 230. 

Imides, 190, 210. 

„ general formula of, 210. 
Imidogen bases, 193. 
Introduction to organic chemistry, 

1. 
Iodide, phosphonic, 202. 
lodhydric glycol, 102. 
lodhydrin, 93. 
lododiethide, stannic, 230. 
lodotriethide, stannic, 230. 
Isobutylene, 17. 
Isomeric forms of valeric acid, 

126. 
Isomerism in fumaric or acryloid 
series, 160. 
„ in the lactic series, 143. 
„ of ethylene and ethyli- 

dene, 146, 168. 
Isopropylic alcohol, 61. 
„ iodide, 79. 

„ nitrile, 128. 

Ketones, 184. 

„ formation of, 185. 
„ isomerism of, 187. 
list of, 187. 
Ketones of the C»H2n-7 series, 
188. 

Lactic series of acids, relations of, to 
acetic series, 142.. 
„ series of acids, relations of, to 

acrylic series, 142. 
„ series of acids, relations of 
succinic series to, 161. 
Lactide, 183. 

Lactoid series of dibasic acids, 172. 
Lactyl, 25. 
Laudanosine, 201. 
Lead. 

Perplumbic chlorotriethide, 
231. 
ethide, 231. 
triethohydrate, 
231. 

Leucin, 150. ^ 

Leukaniline, 199. 
Light carburetted hydrogen, 39. 
Lithiomercuric ethide, 234. 
Lithiozincic ethide, 234. 
Lutidine, 194. 
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Magenta, 198. 

Magnetic ethide, 234. 

Malic series of acids, 172. 

Malonyl, 25. 

Mannite, 84. 

Marsh-gas, 39. 

Marsh-gas series, hydrides of, 37. 

type, 4. 
Mauveine, 198. 
Meadow-sweet, oil of, 156. 
Melene, 18. 

Mendius's reaction, 55. 
Mercaptan, 59. 
Mercuxy. 

Mercuric amylide, 226. 

ethide, 225, 234. 
ethiodide, 225. 
ethobromide, 229. 
ethohydrate, 230, 
ethonitrate, 234. 
iodethide, 232. 
methide, 229, 234. 
methiodide, 229, 234. 
methohydrate, 230. 
naphthide, 226. 
Organo- compounds, 225, 229, 
232. 

Metaldehyde, 109. 
Methide, aluminic, 232. 
boric, 216. 
mercuric, 234. 
potassio-zincic, 234. 
tellurium, 234. 
zincic, 228, 234. 
Methoxyl, 5. 
Methyl, 11. 
Methyl acetone, 187. 
benzol, 188. 
benzoyl, 188. 

series, hydrides of the radi- 
cals of, 37. 
series of alcohols, 52. 
series, normal alcohols of, 

52, 53. 
seriea, secondary alcohols of, 

52,60. 
series, tertiary alcohols of, 

52. 62. 
series, normal radicals of, 10. 
series, preparation of normal ^ 

radicals of, 11. 
series, secondary radicals of, 
10. 
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Methyl series, tertiary radicals of, 
10. 
„ type, 4. 
„ valeral, 187. 
Methylamine, 192. 
Methylated acetone, 187. 
Methylenic chloride, 102. 

„ iodide, 102. 

Methylethylamine, 193. 
Methylethyl-phenylamine, 194. 
Methylic borate, 215. 
„ chloride, 99. 

chloride, dichlorinated, 

100. 
chloride, monochlorinated, 

100. 
chloride, trichlorinated, 
100. 
„ iodide, 102. 
„ nitrile, 119. 
„ oxide {Methylic ether) ^ 87. 
Methylo-zincic dinitromethylate, 

229. 
Methylphenyl, 42. 
Methylphenylammonic chloride, 

194. 
Methyl xylol, 43. 
Monacetic glycol, 189. 
Monacetin, 189. 
Monad positive radicals, 10. 

„ positive radicals, haloid 
ethers of, 93, 96. 
Monadelphic type, 4, 5. 
Monalkalamides, 209. 
Monamides, 206. 

formation of primary, 

206. 
primary, 206. 
reactions of primary, 

207. 
secondary, 207. 
tertiary, 207. 
Monamines, 191. 

formation of primary, 

191. 
formation of secondary, 

193. 
formation of tertiary, 

193. 
methyl series of primary, 

191. 
methyl series of secon- 
dary, 192. 
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Monamines, phenyl series of pri- 
marv, 191. 
phenyl series of secon- 
dary, 192. 
primary, 191. 
reactions of primary, 

192. 
recognition of primary, 

195. 
recognition of secon- 
dary, 195. 
recognition of tertiary, 

195. 
secondary, 191, 192. 
tertiary, 191, 193. 
yinyl series of primary, 

191. 
vinyl series of secon- 
dary, 192. 
Monobasic acids, anhydrides of, 182, 
183. 
„ organic acids, 113. 
Monobrombenzol, 45. 
Monobromorcin, 76. 
Monochlorbenzol, 47. 
Monochlorhydrin, 79. 
Monochlorinated methylic chloride, 

100. 
„ propylic glycol, 

79. 
Monohydric alcohols, 52, 63, 66. 
alcohols, secondary, 

60. 
alcohols, tertiary, 62, 

67. 
alcohols, normal, of the 

phenyl series, 66. 
alcohols of the phenyl 

series, 66. 
alcohols of the vinyl 
series, 63. 
Monomethylarsenic acid, 214, 233. 
Morphine, 201. 

Narceine, 201. 
Narcotine, 201. 
Natural alkaloids, 201. 
Negative compound radicals, hy- 
drides of, 49. 
„ organic radicals, 9, 25. 
Nicholson's yellow, 199. 
Nicotine, 202. 
Nitraniline, 49. 
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Nitrides, general formula of, 210. 

„ negative, 210. 
Nitrile, ethylenic, 104. 
„ isopropylic, 128. 
„ methylic, 119. 
Nitriles, preparation of, 97. 
Nitrobenzol, 43, 47. 
Nitrocumol, 43. 
Nitrocymol, 43. 
Nitrogen, caustic bases of, 211. 

compounds of triad, and 

its analogues, 190. 
compounds of pentad, and 

its analogues, 211. 
organic compounds of, 190. 
Nitropentol, 43. 
Nitrotoluol, 43. 
Nitroxylol, 43. 
Nonylene, 18. 
Normal acids, 114. 

acids of theacrylic series,130. 
acids of the lactic series, 135. 
fatty acids, 115. 
monohydric alcohols of phe- 
nyl series, 66, 67. 
olefine acids of the lactic 

series, 139. 
radicals of methyl series, 11. 
radicals of methyl series, 
preparation of, 11. 
„ salts of amines, 213. 

Octylene, 18. 
(Enanthylene, 18. 
Oil of bitter almonds. 111. 
„ of Qaultheria procumbens, 56. 
Olefine type, 5. 
Oleic series of acids, 130. 
Orcein, 77. 
Orcin, 76, 77. 

Organic antimonic acids, 215. 
arsenic acids, 214. 
arsenic chlorides, 214. 
arsenic oxychlorides, 214. 
bases, 191. 

compounds, definition of, 1. 
compounds, classification of, 

8. 
compounds, elements con- 
tained in, 1, 2. 
compounds, graphic for- 
mulae of, 7, 8. 
„ compounds, notation of, 3. 
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Organic radicals, 3. 

„ radicals, compound, defini- 
tion of, 2. 
„ radicals, negative, 9. 
,, radicals, positive, 9. 
Organo-aluminic compounds, 232. 
if antimony compounds, 233. 
„ arsenic compounds, 233. 
„ bismuth compounds, 233. 
„ boron compounds, 215. 
„ boron compounds, definition 

of, 215. 
„ cadmium compounds, 232. 
„ lead compounds, 231 . 
„ magnesium compounds, 232. 
„ mercury compounds, 229. 
„ potassium compounds, 227. 
„ silicon compounds, 215, 

218. 
,, sodium compounds, 227. 
„ tellurium compounds, 231. 
„ tin compounds, 230. 
„ zinc compounds, 227, 232. 
Organometallic bodies, 223. 

bodies, constitution 

of, 231. 
bodies, definition of, 

223. 
bodies, formation of, 

225. 
bodies, reactions of, 

227. 
bodies, types of, 232. 
Oxamide, 36, 208. 
Oxamides, compound, 36. 
Oxatyl, 26, 32. 
Oxatylic hydride, 49. 
Oxyantimonic bases, 212. 

„ bases, salts of, 214. 

Oxyarsenic bases, 211. 

„ bases, salts of, 214. 
Oxybases, 190, 204. 

arsenious, 204. 
haloid compounds of, 190, 
210. 
Oxyphenol, 74. 

Papaverine, 201. 
Paraffin, 41. 
Paraldehyde, 109. 
Paramylene, 18. 
Parvoline, 194. 
Pentol, 42. 
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Perchlorinated methylic ether, 87. 

Phenyl, 15. 

Phenyl series, ethers of, 89. 

series, hydrides of the radi- 
cals of, 42. 
series, monohydric alcohols 

of, 66. 
series, normal monohydric 

alcohols of, 66. 
series, radicals of, 14. 
series, tertiary alcohols of, 
67,68. 
Phenylamine, 192. 
Phenylene diethylic ketone, 188. 
„ series of radicals, 24. 
Phenyl formamide, 98, 154. 
Phenylic cyanide, 98. 
„ hydride, 44. 
„ iodide, 94. 
Phenyl rosaniline, 198. 
Phloroglucin, 81. 
Phlorol, 67. 

Phosphine, diethyl, 203. 
dimethyl, 203. 
ethyl, 203. 
methyl, 203. 
triethyl, 204. 
trimethyl, 204. 
Phosphines, 190, 202. 

primary, 202. 
salts of, 214. 
secondary, 202. 
tertiary, 203. 
Phosphonic iodide, 202. 
Phosphoric triethoxide, 204. 
Phosphorus, organic compounds of, 

Phthaiylic chloride, 188. 
Phycite, 83. 
Picoline, 194. 
Picroerythrin, 76. 
Pinite, 84. 
Piper idine, 193. 
Polyhydric alcohols, 83. 
Positive compound radicals, hydrides 
of, 37. 
dyad radicals, haloid ethers 

of, 94, 102. 
monad radicals, haloid ethers 

of, 93, 96. 
organic radicals, 9. 
triad radicals, haloid ethers 
of, 95, 104. 
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Potassiam. 


Radicals, normal, of the methyl se- 


Potafisic cyauate, 29. 


ries, preparation of, 11. 


ethide, 232. 


„ of the phenylene series, 24. 


„ ferricyanide, 31. 


„ of the phenyl series, 14. 


„ ferrocyanide, 30. 


„ of the phenyl series, hy- 


„ succinate, 104. 


drides of, 42. 


„ sulphocyanate, 32. 


„ of the vinyl series, 13. 


Potassiozincic ethide, 234. 


„ organic, 3. 


„ methide, 234. 


„ secondary, of the methyl 


Propione, 187. 


series, 10. 


Propoxyl, 5. 


„ tertiary, of the methyl se- 


Propyl, 11. 


ries, 10. 


Propylene, 17. 


„ triad positive, 25. 


Propylenic bromide, 103. 


Resorcin, 74. 


„ chloride, 103. 


Kosaniline, 198. 


„ iodide, 103. 




„ oxide, 90. 


Salts, ethereal, 188. 


Propylic glycol, monocblorinated, 


Secondary monohydrio alcohols, 60. 


„ radicals of the methyl 


Propylic iodide, 94. 


series, 13. 


Protopine, 201. 


Silicic aceto-triethylate, 220. 


Prussian blue, 31. 


„ acetylate, 2&. 


Pseudobutylene, 17. 


„ chloroform, 218. 


Pseudorcin, 83. 


„ chlortriethide, 220. 


Pyridine, 194. 


„ chlortriethylate, 220. 


Pyrocatechin, 74. 


„ dichlorethide, 220. 


Pyrogallin, 81, 82. 


„ dichlorethylate, 220. 
„ dieth-ethylate, 220. 


Pyroxylic spirit, 56. 




„ dietho-chlorethylate, 220. 


Quercite, 84. 
Quinine, 201. 
Quinone, 75. 


„ diethoxide, 220. 

„ dimethylate ethylate, 220. 

„ ethide, 221. 

„ ethotriethylate, 220. 




„ ethylate, 220. 


Radicals, acetylene series of, 21. 
„ dyad positive, 16. 


„ hydrotriethylate, 220. 


„ methide, 219, 221. 


„ dyad, relations of succinic 


„ methylate, 220. 


series to, 161. 


„ trichlorethide, 220. 


„ haloid ethers of the dyad 


„ trieth-ethylate, 220. 


positive, 94, 102. 
„ haloid ethers of the monad 


„ triethohydrate, 222. 


„ triethylate amy late, 220. 


positive, 93, 96. 
„ haloid ethers of the triad 


Silicoformio anhydride, 218. 


Siliconylic acetate, 220. 


positive, 95, 104. 


alcohol, 220. 


„ hydrides of positive com- 


„ chloride, 220. 


pound, 37. 


Silicopropionic acid, 222. 


„ monad positive, 10. 


Single cyanides, 29. 


„ monad, relations of, to 


SocUo-zincic ethide, 226, 234. 


fatty acids, 119. 


Spirit of wine, 57. 


„ negative, hydrides of, 37, 


Stearin, 78. 


49. 


Stibine, triamyl, 204. 


„ normal, of the methyl se- 


„ triethyl, 204. 


ries, 11. 


„ trimethyl, 204. 
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Stibines, 190, 202. 

„ salts of, 214. 
Strychnine, 202. 
Styrol, 157. 
Substitution deriyatiyes of benzol, 

46. 
Suocinamide, 208. 
Succinic series of acids, 159. 

series, relations of, to acetic 

series, 162. 
series, relations of, to dyad 

radicals, 161. 
series, relations of, to lactic 
series and to glycols, 
161. 

Suecinimide, 207, 210. 
Succinylic chloride, 187. 
Sulphophenyl urea, 197. 
Sulphur alcohol, 59. 
Sulphuric diethoxide, 89. 
Sulphurous diethoxide, 89. 

„ trJethylo-iodide, 89. 
triethylo-hydrate, 89. 
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Tartaric or glyoxyloid series of acids, 

173. 
Tellurium ethide, 231. 
Tellurous diethoxide, 231, 233. 
diethiodide, 231, 233. 
„ diethosulphate; 231. 
Tertiary acids of the fatty series, 114, 
129. 
„ diamines, 195. 
„ monohydric alcohols, 62, 

67. 
„ monamides, 207. 
„ monamin^s, 191, 193. 
monarsines, 211. 
radicals of the methyl series, 
10. 

Tetrachlorinated methylic ether, 87. 
Tetramines, 191. 
Tetrethylammonic hydrate, 211. 
Thebaine, 201. 
Theine, 202. 
Theobromine, 202. 
Thialdine, 200. 
Tin. 

Distannic hexethoxide, 233. 
Hypostannic ethide, 230. 

„ ethodiniodide,230. 

Stannic chlorotriethide, 230. 
„ dichlorethide, 226. 






>> 
>» 

»» 



>> 



)) 



it 



Tin. 

Stannic ethide, 225. 

ethodimethide, 230. 
ethophenyl dichloride, 

235. 
iododiethide, 230. 
iododimethide, 235. 
iodotriethide, 230. 
iodotrimethide, 235. 
methide, 235. 
phenyl-triethide, 235. 
triethohydrate, 233. 
Stannous ethide, 230. 
Stanntriethylic alcohol, 231. 
chloride, 231. 
ether, 231. 
haloid ether, 
231. 
Toluidine, 192. 

blue, 198. 
Toluol, 42. 
Tolyl, 14. 
Tolylamine, 192. 
Triacetin, 189. 
Triad positive radicals, 26. 

„ positive radicals, haloid ethers 
of, 104. 
Triadelphic type, 4, 6. 
Trialkalamides, 209. 
Triamides, 208. 

primary, constitution of, 

208. 
secondary and tertiary, 
•209. 
Triamines, 198. 

diacid salts of, 213. 
monacid salts of, 213. 
normal salts of, 213. 
Triamylamine, 194. 
Tribasic acids, 177. 

acids, aconitic or acryloid 

series of, 177. 
acids, citrio or lactoid series 

of, 178. 
acids, tricarballylic or ace- 
toid series of, 177. 
Tribrombeuzol, 46. 
Ttibrombenzol hydrobromate, 46. 
Tribromopyrogallin, 83. 
Tribromorcin, 76. 
Tributylamine, 194. 
Trichloraldehyde, 110. 
Trichloraniline, 210. 
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Trichlorbenzol, 47. 
Trichlorhydrin, 96, 105. 
Trichlorinated &c. amines, 190, 209. 
„ methylic chloride, 
100. 
Trichlororcin, 76. 
Triethylamine, 194. 
Triethjlammonic iodide, 193. 
Triethylar8ine,204. 

phosphine, 203. 
phosphonic iodide, 203. 
rosaniline, 199. 
silicol, 220. 
stibine, 204. 
Tpihydric alcohols, 51, 77. 

„ ethers of, 93. 

Triiodorcin, 76. 
Trimethylamine, 194. 
Triphenyl rosaniline, 198. 
Tritolyl rosaniline, 198. 
TumbuU's blue, 32. 
Type, ammonia, 4, 6. 

ammonic chloride, 4, 5. 
condensed diadelphic, 5. 
diadelphic, 4. 
doable monadelphic, 5. 
marsh-gas, 4. 
methyl, 4. 
monadelphic, 4, 5. 
olefine, 5. 
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Type, triadelphic, 4, 5. 

Types of organic compounds, 4. 

Urea, 196. 

denvatiyes of, 197. 

formation of, 196. 

reaction of, 197. 
Urea a diamine, 197. 
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Valerylene, 21. 

Vinylic bromide, 103. 

Vinyl series, ethers of the, 89. 

„ series, monohydric alcohols of 
the, 63. 

„ series, radicals of the, 13. 

Xylol, 42. 

Zincic amide, 229. 
amylide, 234. 
dinitro-ethylate, 228. 
ethide, 225. 234. 
ethiodide, 227. 
ethoethylate, 227. 
ethylate, 224. 
methide, 234. 
methide ethylate, 229. 
methyldithionate, 228. 
propionate, 228. 
succinate, 224. 



II 
II 
II 
II 
II 
II 
II 
II 
II 



II 

II 



END OF VOL. n. 



Printed by Tatlob and Vrutcis, Bed Lion Court, Fleet Street 



ii 



